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PREFACE. 


rjlHESE  Notes  have  been  prepared  primarily  in  order  to 
assist  students  preparing  for  the  examinations  in 
Building  Construction  held  annually  under  the  direction 
of  the  Board  of  Education,  South  Kensington. 

It  is  hoped  that  they  may  be  found  useful  by  others 
engaged  in  designing  or  erecting  buildings. 

The  following  Syllabus  of  the  Board  of  Education  has 
been  taken  as  a  Guide  in  the  arrangement  of  the  Notes, 
and  in  determining  the  subjects  to  be  treated  upon. 

SYLLABUS.i 
Subject  III. — Building  Construction  and  Drawing. 

The  instruction  given  should  be  so  arranged  that  by  the  time  the 
student  finishes  his  course  of  study,  he  should  have  acquired  a 
knowledge  of  building  materials,  plant,  and  construction  sufficient 
for  the  work  upon  which  he  is  likely  to  be  engaged.  That  he  may 
be  able  to  make  free  use  of  this  knowledge  in  practice,  he  must  also 
be  a  good  draughtsman ;  good  drawing  is  an  essential  part  of  the 
course,  but  it  must  always  be  borne  in  mind  that  drawing  is  a  means 
and  not  an  end  in  itself ;  drawings  of  wo^k  to  be  carried  out  should 
be  such  as  to  give  full  information  and  exact  guidance  to  workmen 
who  may  have  to  use  them.  In  the  higher  stages  of  the  subject 
students  should  acquire  proficiency  in  making  finished  drawings  as 
well  as  what  may  be  called  descriptive  and  explanatory  drawings. 

A  larger  number  of  questions  will  be  set  in  the  examination  papers 
than  the  candidate  will  be  allowed  to  attempt,  so  that  he  may  have 

1  Taken  from  the  "Syllabuses  and  Lists  of  Apparatus  applicable  to  Schools  and 
Classes  other  than  Elementary,"  Board  of  Education,  South  Kensington.  Edit. 
1904. 
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some  range  of  selection  of  questions  which  bear  upon  branches  to 
which  he  has  given  special  attention. 

Compulsory  questions  may  be  set  at  the  examinations. 

It  should  be  seen  that  candidates  are  fairly  provided  with  pesns, 
ink,  pencils,  and  drawing  instruments  (including  T  and  set  squarres, 
drawing  boards,  Indian  ink,  etc.)  when  they  present  themselves  ;for 
the  examination.  The  use  in  examination  of  the  ordinary  boxwoood, 
ivory,  or  paper  scales  and  protractors,  and  slide  rules  is  permittced. 
Tables  will  be  supplied  to  candidates  in  Stage  3  and  Honours  to 
assist  them  in  calculation. 

STAGE  1. 

In  Stage  1  the  drawing  exercises  should  not  extend  beyoDud 
descriptive  and  explanatory  drawing,  but  they  should  aim  at 
cultivating  a  fair  degree  of  skill  in  pencil  drawings.  All  lines  shoiuld 
be  neat  and  clear.  Students  who  are  quick  in  executing  their  pemcil 
drawings  should  practise  making  ink  tracings  with  clear  letteriing 
and  figuring. 

All  students  should  practise  freehand  drawing  of  details,  so  tlhat 
they  may  be  able  readily  to  make  a  neat  dimensioned  sketch  fr^-om 
which  a  drawing  to  scale  might  afterwards  be  prepared  or  which  nnay 
itself  be  sufficient  for  purposes  of  explanation.  The  use  of  squaired 
paper  may  be  introduced  with  advantage  in  exercises  of  this  kind. 

The  Course  of  instruction  should  include  elementary  instructiion, 
with  reference  to  the  various  materials  used  in  building.  Etach 
group  of  materials  should  be  taken  up  in  the  class  as  introductcory 
to  a  series  of  drawing  exercises,  illustrating  their  use  in  buildings^  so 
far  as  suitable  for  discussion  in  a  first  year's  course.  There  wo>uld 
fall  to  be  considered  in  this  way  : — 

The  nature  and  properties  of  sand,  lime,  and  cement;  the  compoosi- 
tion  of  mortar  or  concrete  and  its  application  in  floors,  walls,  ettc. ; 
the  properties  of  bricks,  stones,  tiles,  and  slates  ;  the  various  kimds 
of  timber  in  ordinary  use;  the  constituents  of  cast  iron,  wrought  irron, 
and  steel,  and  the  essential  or  characteristic  differences  of  their  ipro- 
perties. 

Instruction  should  be  given  as  to  foundations  in  ordinary  sodHs, 
footings  for  walls  of  moderate  height;  the  construction  of  simiple 
scaffolding;  the  various  bonds  of  brickwork  in  plain  walling,  fliues, 
arches,  and  fire-places  ;  varieties  of  simple  masonry  such  as  rub)ble 
and  ashlar  walling  and  the  plain  masons'  work  on  sills,  reveals,  ettc.  ; 
plain  carpentry  in  floor  joists,  stud  partitions,  ordinary  roofs  of  s}pan 
not  exceeding  that  for  a  King  Post  truss ;  fineings  of  flats ;  simiple 
joiners'  work  in  floor  laying,  skirtings,  deal-cased  frames  and  doulble- 
hung  sashes,  and  solid  frames  for  simple  casements,  panelled  doDors 
and  jamb  linings,  door  frames  and  ledged  and  braced  doors;  ordiniary 
plastering  on  walls,  partitions,  and  ceilings,  and  the  compositioni  of 
the  various  coats;  slating,  including  the  dressing,  cutting,  and  nailling 
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of  the  slates ;  plain  tiling  and  pan  tiling  and  the  various  methods  of 
hanging  the  tiles,  and  the  treatment  of  valleys,  hips,  ridges,  and 
eaves  ;.roof  plumbing,  including  the  laying  of  flats  with  rolls,  drips, 
etc.,  lead  gutters,  and  flashings.  Students  should  also  be  taught 
how  to  draw  the  sections  of  rolled  joists. 

In  all  these  subjects  practical  examples  of  the  materials  used  and 
the  various  operations  of  dealing  with  them  should  be  brought  before 
the  student,  either  in  the  class-room  or  elsewhere ;  in  as  many  cases 
as  possible,  he  ought  actually  to  see  and  handle  full-size  examples  of 
everything  in  which  he  is  being  instructed  theoretically.  He  should 
also  familiarise  himself  with  the  nature  and  use  of  all  the  tools  used 
in  elementary  building  operations.  Students  should  lose  no  oppor- 
tunity to  inspect  any  building  operations  going  on  in  their  locality. 
Every  student  ought  to  examine  in  detail  the  structure  of  the  houses 
in  which  he  lives  and  works  and  attends  classes. 

STAGE  2. 

Before  proceeding  to  Stage  2,  students  should  have  a  good  know- 
ledge of  the  subjects  included  in  the  Syllabus  for  a  Preliminary 
Course  for  Trade  Students  as  well  as  of  those  subjects  included  in 
the  above  Syllabus  for  Stage  1. 

The  Course  of  instruction  in  this  stage  should  cover  a  more 
advanced  knowledge  of  all  the  subjects  enumerated  for  Stage  1, 
together  with  simple  exercises  in  calculating  quantities  of  materials, 
not  such  calculations  as  a  Quantity  Surveyor  would  make,  but  such 
as  would  fall  to  be  made  by  a  Foreman  of  Works  who  has  to  order 
sufficient  materials  for  the  amount  of  work  which  he  knows  has  to  be 
done. 

The  class  lessons  and  drawing  practice  should  include  the  following 
subjects  :  Excavation  for  trenches  in  various  kinds  of  soils,  including 
strutting  and  planking,  concrete  foundations  for  walls  and  piers,  the 
use  of  damp  courses  and  the  materials  employed  for  them  ;  gauged 
brickwork ;  hollow  walls  and  the  various  methods  of  binding  them 
together  ;  junctions  of  walls  of  various  thicknesses  and  at  different 
angles ;  chimney  breasts  and  flues ;  irregular  bonds ;  fireproof  con- 
struction in  walls  and  roofs ;  the  best  known  building  stones,  their 
quarrying,  bedding,  cutting,  and  dressing ;  characteristics  of  timber, 
its  conversion  and  seasoning.  Attention  should  be  given  to  the 
increasing  use  of  machinery  in  treating  timber  for  carpenters'  and 
joiners'  work ;  advanced  carpentry  and  joinery  ;  ordinary  forms  of 
staircase  construction  with  close  strings  and  bent  strings ;  two-  and 
three-light  windows  with  cases,  frames,  and  hung  sashes,  and  also 
with  solid  frames,  mullions  and  transoms  and  casements,  outside 
doors  with  bolection  mouldings,  sash  doors,  and  the  finishings  of  door 
and  window  openings ;  furnishings  in  eaves,  hips,  ridges,  etc. ;  the 
nature,  qualities,  and  weights  of  various  kinds  of  slates ;  elementary 
drainage ;   the  laying  and  jointing  of  glazed   stoneware   pipes  ; 
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advanced  constructional  plumbers'  work,  including  cold-water  supply 
to  cisterns,  and  the  position  of  the  same  in  a  house ;  baths,  sinks, 
water-closets  and  their  connections,  waste  pipes,  soil  pipes,  ventilation 
pipes,  etc. ;  scaffolding  for  large  buildings,  shoring,  strutting,  needling, 
and  under-pinning  ;  the  general  principles  of  loaded  beams  ;  bending 
moments  due  to  concentrated  and  distributed  loads ;  the  use  of  the 
triangle  and  polygon  of  forces  in  order  to  practically  determine  the 
resultant  force  in  direction  and  magnitude,  and  to  resolve  such  a 
resultant  into  its  component  forces;  the  determination  of  the  stresses 
in  simple  braced  structures  ;  elementary  exercises  in  the  calculation 
of  strength  of  materials. 

STAGE  3. 

The  Course  of  instruction  should  include  the  consideration  of  build- 
ings of  all  kinds  and  sizes.  In  the  examination  the  candidate  will 
be  expected  to  show  that  "he  has  a  fair  knowledge  of  the  principles  of 
Physical  Science  as  illustrated  in  relation  to  building  construction. 
He  should  be  able  to  design  simple  roof  trusses  and  beams,  and  to 
draw  their  stress  diagrams;  he  should  know  the  elements  of  the 
theory  of  arches,  how  to  provide  for  the  stresses  in  various  parts  of 
a  building,  and  the  methods  of  testing  cement,  timber,  iron,  and  steel. 

In  the  various  sections  of  the  Course  exercises  in  calculating 
quantities  of  materials  should  be  continued  as  in  the  preceding  Stage. 

The  class  lessons  and  drawing  practice  should  include  the  considera- 
tion of  : — 

Foundations — natural  and  artificial,  upon  land  and  under  water, 
damp  sites  and  their  treatment.  Brickwork,  including  all  kinds  of 
bonding,  setting  out  bond  in  frontages,  etc. 

Terra-cotta  and  artificial  stone ;  their  manufacture  and  uses. 

Principles  of  sanitation ;  drains,  traps,  gulleys,  disconnecting 
chambers,  sewers,  their  ventilation  and  drain  connections,  iron  drains. 
Drain  testing  and  ventilation. 

Masonry.  Character  of  various  stones  used  in  building  and 
localities  where  found,  how  to  test  for  quality  and  bed,  fitness  of 
various  stones  for  different  atmospheres,  weight  generally,  and 
approximate  strength ;  stone  stairs,  composite  walls,  arches. 

More  detailed  knowledge  of  scaffolding,  including  gantries,  elaborate 
centring,  framing  for  concrete  walls  and  modern  methods  of  hoisting 
materials,  roofing  up  to  60  feet  span.  Timber  :  its  seasoning,  diseases, 
cause  of  decay,  and  means  of  preserving  it.  Roof  timbering,  open, 
hammer  beam,  and  composite  trusses.  Modern  iron  trusses,  including 
trussed  purlins  ;  all  roof  finishings,  including  slating,  tiling,  plumbing, 
etc.,  sky -lights  and  lanterns.  Wood  stairs  of  all  kinds,  including 
handrailing. 

Cast  iron,  wrought  iron  and  steel,  properties,  uses,  strength,  weight 
and  preservation.  Iron  and  steel  columns,  stancheons  and  girders, 
including  riveting,  bolting,  etc. 
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Ventilation  and  heating ;  hot  water  supply  ;  provisions  for  gas  and 
electric  supply,  in  so  far  as  these  may  affect  the  structure  of  the 
building  ;  water  supply  ;  lightning  conductors  ;  preservation  of  iron, 
timber,  etc.  ;  various  kinds  of  glass  and  glazing  ;  plastering  in  all  its 
branches. 

HONOURS. 

No  candidate  will  be  credited  with  a  success  in  Honours  who  has 
not  obtained  a  previous  success  in  Stage  3  (or  Honours,  Part  I)  and 
who  does  not  qualify  in  the  Board's  examination  in  Architecture. 
The  qualification  in  Architecture  need  not  be  obtained  in  the  same 
year  as  that  in  the  Honours  Examination  in  Building  Construction 
and  Drawing. 

The  Examiners  will  have  in  mind  in  setting  the  questions  the 
actual  practice  of  architects  in  designing  buildings,  and  in  their 
guidance  of  assistants  and  clerks  of  works,  to  ensure  that  orders  will 
be  properly  carried  out,  the  dealing  with  contractors,  and  also  the 
actual  erections  of  buildings  and  carrying  out  of  building  operations. 
Candidates  will  be  asked  to  make  sketch  designs  and  to  give  instruc- 
tions to  draughtsmen  for  careful  scale  drawings  and  specifications. 
The  questions  may  deal  with  any  part  of  the  subject  and  with  any 
kind  of  building,  and  may  require  a  knowledge  of  any  materials  or 
construction  in  use  in  good  practice. 

Those  candidates  whose  answering  of  the  paper  is  sufficiently 
satisfactory,  will  be  summoned  to  South  Kensington  or  some  other 
centre  for  a  practical  examination.  This  further  examination  will 
last  for  two  or  more  days ;  the  time  will  not  exceed  seven  hours  each 
day.  ^  Candidates  will  be  asked  to  design  a  building  suitable  for  a 
definite  purpose,  and  they  will  be  called  upon  to  give  such  plans, 
elevations,  and  sections,  and  such  details  and  notes  for  a  specification, 
as  shall  be  required  by  the  Examiner.  An  estimate  of  cost  may  also 
be  demanded. 

Intimation  concerning  the  general  nature  of  the  building  to  be 
designed  will  be  sent  in  advance  to  candidates,  together  with  the 
notice  to  attend  for  this  second  part  of  the  examination. 

For  this  practical  examination  candidates  must  provide  T-squares, 
set  squares,  drawing  instruments,  ink,  and  colours.  Drawing  paper 
and  drawing  boards  will  be  supplied  by  the  Board  of  Education. 

No  candidate  can  be  classed  in  honours  who  is  not  successful  in 
the  practical  examination. 

In  these  Notes  the  subjects  of  the  above  Syllabus  are 
divided  as  follows  : — 

Parts  I.,  11. ,  and  IV.  treat  on  the  majority  of  the 
subjects  laid  down  as  necessary  for  the  examination  in 
Stages  1,  2,  and  3. 
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Part  III.  furnishes  full  particulars  regarding  the 
materials  used  in  building  and  engineering  works,  includ- 
ing information  on  this  subject  that  is  required  for 
Stage  3. 

Part  IV.  explains  and  illustrates  the  problems  involved 
in  the  theory  of  construction  of  buildings  and  their  appli- 
cation in  practice,  and  contains  all  that  a  student  can 
require  to  prepare  himself  for  the  examinations  on  this 
subject  for  Stage  3.  The  history  and  styles  of  architec- 
ture, the  preparation  of  specifications  and  quantities,  the 
art  of  designing  buildings  from  given  conditions,  and  of 
freehand  drawing  and  drawing  to  scale,  must  be  studied 
in  works  specially  devoted  to  those  subjects. 


REVISED  AND  ENLARGED  EDITION,  1904. 

The  following  are  the  principal  additions  or  alterations 
that  have  been  made  in  this  edition  : — 

The  subject  of  Joinery,  which  in  former  editions  was 
treated  partly  in  Part  L  and  partly  in  Part  II.,  has  now 
been  brought  together  in  consecutive  order  in  one  volume, 
so  that  the  subject  is  complete  within  the  scope  of  this 
Part. 

Other  subjects  have,  on  the  other  hand,  been  transferred 
to  Part  I.  in  order  to  make  their  treatment  consecutive  in 
that  volume,  while  four  entirely  new  chapters  on  the 
important  subjects  of  Drainage,  Sanitary  Fittings,  Heating 
and  Ventilation,  and  Electric  and  Gas  Lighting  (including 
also  Bells  and  Signals,  Telephones  and  Lightning  Con- 
ductors) have  been  added  to  this  Part. 
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Note  to  Part  II. 

Several  works  on  different  subjects  have  been  consulted  in  the  preparation 
of  these  Notes,  among  which  may  be  mentioned  the  following  : — 

Adams'  Designing  Cast  and  Wrought  Iron  Structures. 
Dobson  and  Tarn's  Guide  to  Measuring. 
Fairbairn's  Application  of  Iron  to  Buildings. 
Hurst's  Architectural  Surveyor's  Hand-Book. 
Latham's  Sanitary  Engineering. 
Latham's  Wrought  Iron  Bridges. 
Laxton's  Examples  of  Building  Construction. 
Matheson's  Works  in  Iron. 
Maynard's  Bridges. 

Molesworth's  Pocket-book  of  Engineering  Formulce, 
Newland's  Carpenter's  and  Joiner's  Assistant. 
Nicholson's  Works. 

Pasley's  Practical  Architecture  (Brickwork). 
Proceedings  of  the  Institute  of  Civil  Engineers. 
Proceedings  of  the  Royal  Institute  of  British  Architects. 
Rankine's  Civil  Engineering. 
Reed  on  Iron  Shipbuilding. 
Seddon's  Builders'  Work. 
Stoney  on  Strains. 

Thwaites'  Factories,  Workshops,  and  Warehouses. 
Transactions  of  the  Society  of  Engineers, 

Tredgold's  Carpentry  (1870  edition);  also  a  new,  valuable,  and  greatly 

extended  edition,  by  Mr.  Hurst,  C.E. 
Unwin's  Wrought  Iron  Bridges  and  Roofs. 
Woodbury's  Fire  Protection  of  Mills. 

Wray's  Application  of  Theory  to  the  Practice  of  Construction  (revised  Ijy 

Seddon). 
The  Professional  Journals. 

The  assistance  derived  from  the  above-mentioned  works  and  others  has 
been  acknowledged,  as  far  as  possible,  wherever  they  have  been  quoted  or 
otherwise  made  use  of. 

Caution. — Some  of  the  figures  which  appear  to  be  isometrical  projections 
are  purposely  distorted  in  order  to  bring  important  points  into  viev/. 
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Chaptee  L 


FOUNDATIONS. 


n  ENEEAL  EEMARKS.— In  this  course  the  foundations  Kkely 
V/  to  be  required  for  ordinary  buildings  will  alone  be  described, 
foundations  under  water,  cofferdams,  caissons,  etc.,  being  excluded, 
as  appertaining  more  to  engineering  works  than  to  ordinary 
building  construction. 

The  great  importance  of  a  stable  foundation  wHl  be  apparent  to 
every  one,  and  need  not  be  dilated  upon. 

Characteristics  of  a  Good  Foundation. — A  good  foundation 
should  fulfil  the  following  conditions : — 

1.  It  must  either  be  incompressible,  or  at  least  equally  yield- 
ing throughout. 

2.  It  should  be  perpendicular  to  the  pressure  upon  it. 

3.  It  should  be  of  sufficient  area  to  bear  that  pressure. 

4.  It  should  be  unalterable  in  nature,  either  by  atmospheric 
or  other  influences  that  it  can  possibly  be  subjected  to. 

Some  natural  soils  fulfil  these  conditions,  requiring  only  to  be 
excavated  to  the  proper  levels;  in  other  soils  artificial  means 
must  be  adopted  in  order  to  form  a  stable  foundation. 

Classification.— This  has  led  to  the  classification  of  founda- 
tions under  two  general  heads :— Natural  Foundations,  and 
Artificial  Foundations. 

The  different  kinds  of  soils  have  been  arranged  as  follows   

1.  Incompressible  soils,  such  as  rock,  stony  earth,  and  hard 
clay,  which  yields  only  to  the  pick  or  to  blasting. 

2.  Soils  that  are  incompressible  but  require  to  be  laterally  confined 
to  prevent  them  from  spreading,  such  as  loose  gravel  and  sand. 

3.  Compressible  soils,  such  as  ordinary  clay,  common  earth,  and 
marshy  soils,  some  of  which,  such  as  clay  and  earth,  are  only 
compressible  to  a  certain  extent,  while  others  are  in  an  almost 
fluid  state. 
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Before  proceeding  to  consider  these  in  detail  a  few  remarks 
may  be  made  which  are  applicable  to  all  foundations. 

Preliminary  Operations. — Before  commencing  a  building,  trial 
pits  should  be  dug  or  borings  made  at  different  points  on  the  site, 
in  order  to  ascertain  the  nature  of  the  ground,  the  thickness  and 
inclination  or  "dip"  of  the  strata;  to  find  out  whether  water 
exists,  and  if  so,  at  what  level ;  also  whether  the  ground  has  been 
mined  or  is  full  of  dangerous  fissures.  If  there  be  any  springs  on 
the  site,  their  source  should  be  ascertained  and  the  water  diverted. 

The  description  of  foundation  having  been  decided  upon,  trenches 
must  be  dug  to  the  widths  and  depths  necessary,  the  bottoms  of 
these  carefully  examined,  sounded  with  a  crowbar  to  ascertain 
any  local  defects,  and  then  levelled  throughout,  in  one  plane  if 
convenient,  if  not,  in  horizontal  "  benches  "  or  terraces. 

"Punning"  or  ramming  the  ground  before  commencing  to 
build  will  sometimes  produce  a  very  considerable  compression, 
and  prevent  a  corresponding  sinking  of  the  building. 

The  ground  should  be  well  drained  before  digging  the  founda- 
tion, to  increase  its  firmness ;  all  bad  parts  should  be  cut  out  and 
made  good  with  concrete,  and  loose  portions  rammed. 

Surface  water  must  be  carried  off  by  a  catchwater  drain,  and 
"  grips  "  or  small  trenches  must  be  formed  to  carry  off  all  water 
that  may  collect  in  the  foundation  during  its  formation. 

As  fast  as  walls  are  buHt  up  they  should  be  "  punned  "  (that 
is,  filled  in  and  rammed)  on  each  side. 

On  benched  foundations  care  must  be  taken  in  rising  from  the 

lower  to  the  higher  level  (A  to  B,  ^  ^  

Fig.  i)  to  have  large  stones  with  

well-dressed  beds  and  the  joints  as 
few  and  as  thin  as  possible,  otherwise 
the  unequal  settlement  caused  by 
the  number  of  joints  in  A  C  being 
greater  than  that  in  E  F  will  lead  to 
fracture.  \ 
In  such  a  case  the  masonry  should  be  left  thoroughly  to  set ! 

before  being  built  upon.  \ 
The  foundations  of  the  angles  of  a  building  should  be  laid  with ' 
large  and  heavy  stones,  and  great  care  should  be  taken  that  the , 
foundations  under  the  higher  walls  are  not  liable  to  consolidate : 
more  than  those  under  the  lower  walls,  otherwise  where  these  are 
connected  fractures  will  appear. 
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All  foundations  should  be  at  such  a  depth  as  to  be  out  of 
danger  from  the  effects  of  frost. 

In  England  a  depth  of  3  feet  will  generaUy  be  sufficient  to 
ensure  this,  but  in  clay  soUs  a  depth  of  4  feet  will  be  necessary, 
as  they  are  frequently  laid  open  to  injury  by  fissures  formed  by 
heat. 

Permanent  drams  should  be  laid  so  as  to  keep  all  foundations 
constantly  dry;  water  is  their  great  enemy,  causing  swelling, 
removal  and  subsidence  of  the  soil,  expansion  from  frost,  perpetual 
damp,  etc. — even  in  some  kinds  of  rock  it  percolates  between  the 
masses  and  loosens  them,  so  that  when  pressure  comes  upon  them 
they  sink. 

Incompressible  Sons.—EocK.— Solid  rock  under  the  whoU  of 
the  building  affords  a  first-rate  foundation  if  it  is  perfectly  uniform 
in  character,  thick  enough  to  bear  the  weight  safely,  with  an 
upper  bed  approximately  horizontal  or  perpendicular  to  the  pres- 
sure upon  it,  and  not  liable  to  be  affected  by  atmospheric 
influences. 

In  such  a  case  it  will  be  necessary  only  to  break  down  pro- 
jecting points,  cut  away  loose  and  rotten  parts,  making  good  and 
carefully  filling  in  all  cavities  with  concrete. 

^  If  the  strata  are  inclined  there  is  danger  of  the  upper  layers 
sliding  over  the  lower,  and  also  expense  in  "  benching  "  or  levelling 
in  steps. 

Again,  if  the  rock  is  (Kke  some  clay  slates,  for  example)  of  a 
nature  to  disintegrate  when  exposed  to  the  weather,  it  should  be 
protected  by  a  bed  of  concrete. 

The  foundation  should  be  so  arranged  that  the  pressure  upon 
the  rock  does  not  exceed  one-eighth  of  that  necessary  to  crush  it. 
^  Partly  Hard  and  partly  Soft  Ground.— A  foundation  con- 
sisting partly  of  rock  and  partly  of  some  softer  stratum  is  most 
dangerous  and  untrustworthy,  as  the  latter  will  yield  more  than 
the  former,  causing  unequal  settlement  and  fracture  of  the  super- 
structure. 

If  the  softer  parts  are  of  small  extent  they  may  be  arched 
over,  using  the  adjacent  portions  of  rock  as  abutments. 

If  this  be  not  possible  they  should  be  consolidated  by  driving 
in  piles  close  together  (see  page  8),  or  excavating  to  a  good 
depth  and  fiUing  in  with  concrete. 

If  neither  of  these  expedients  can  be  adopted  the  building  over 
the  soft  parts  should  first  be  carried  up  and  allowed  to  settle  to 
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its  bearings,  and  then  the  remainder  built  upon  the  hard  rock,  the 
latter  being  kept  distinct  from  the  former. 

Gravel,  when  sound,  makes  one  of  the  best  possible  founda- 
tions as  it  is  incompressible,  and  not  affected  by  atmospheric  | 

influences.  .  \ 

If  loose  and  coarse  it  may  be  greatly  improved  by  grouting  it 

with  thin  mortar,  or  sometimes  a  thin  layer  of  concrete  is  spread  \ 

on  the  bottom  of  the  trench. 

If  very  unsound  it  may  be  necessary  to  proceed  as  in  the  case  \ 

of  loose  sand  (see  below).  _  | 

Chalk  varies  immensely  in  its  nature  and  characteristics;  | 

sometimes  it  is  found  as  hard  as  rock,  in  other  cases  as  soft  as  | 

butter.  .    .  i 

The  hardest  description  of  chalk  may  be  treated  as  rock  if  its  \ 

permanent  dryness  can  be  ensured.  ^  j 

The  softness  of  chalk  is  caused  by  wet ;  before  using  it  as  a  ^ 

foundation  all  water  should  be  removed  and  prevented  from  | 

recurring. 

This  may  be  done  by  draining  the  trench,  punning  the  sides  j 
with  clay  to  prevent  the  ingress  of  water,  or  by  putting  in  con-  || 
Crete  at  weak  points.  | 

Springs  should,  however,  rather  be  diverted  than  dammed  out,  : 
as  otherwise  they  will  very  likely  burst  through  in  rainy  weather, 

Clay  is  a  good  soil  to  build  upon  when  it  is  sound,  tolerably  |; 
dry,  and  protected  from  the  action  of  the  atmosphere  by  making  | 
the'foundations  deep  or  covering  the  bottom  of  the  trenches  with  \ 

concrete.  . 

Clay  is  very  liable,  especially  in  hot  weather,  to  crack  and 
form  deep  fissures,  by  which  water  is  led  below  the  surface, 
which  will  injure  the  footings  unless  they  are  placed  deep  enough 
to  be  out  of  the  reach  of  the  fissures  and  well  drained. 

When  these  precautions  are  neglected  the  clay  undergoes  con- 
tinual changes  in  bulk  from  atmospheric  influence,  and  becomes  j 
a  very  dangerous  material  to  build  upon. 

Sons  requiring  Lateral  Conflnement. — Sand  forms  a  capital, 
foundation  to  build  up-on  as  long  as  it  is  prevented -from  escaping] 
laterally  by  sheet  piling  (see  page  8)  or  other  means.  ; 

Quicksand  and  Silt.— The  same  remark  apphes  to  these,  | 
which  are  the  most  treacherous  of  all  soils,  and  will,  unless  such: 
precautions  are  taken,  yield  or  slip  under  the  slightest  weight.  \ 

In  these  soils,  as  also  in  very  loose  gravel,  care  must  be  takeD| 
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to  exclude  water,  which  might  otherwise  penetrate  and  wash  away 
the  soil,  causing  hollows  in  the  foundation  and  subsidence  in  the 
superstructure. 

Compressible  Soils. — Foundations  in  these  soils  require  great 
care,  more  especially  if  the  site  is  made  up  of  different  lands,  one 
more  compressible  than  the  other ;  in  such  a  case  unequal  settle- 
ment may  be  apprehended,  and  should  be  guarded  against. 

Ordinary  Earth  or  Soft  Clay. — In  these  it  will  be  sufficient 
to  dig  a  trench  considerably  wider  than  the  thickness  of  the  wall 
and  deep  enough  to  be  below  the  action  of  frost,  and  to  fill  it  with 
concrete. 

The  pressure  is  thus  distributed  by  the  concrete  bed  over 
a  larger  area,  and  does  not  bear  so  heavily  on  each  superficial  foot 
of  the  soil. 

Very  Soft  Soils. — When  the  ground  is  marshy  or  of  such  a 
nature  that  it  would  not  bear  the  weight  required,  even  when  dis- 
tributed over  a  large  area  of  concrete,  more  comphcated  arrange- 
ments must  be  adopted,  according  to  the  nature  of  the  case. 

1.  A  soft  stratum  of  moderate  depth  overlying  hard  ground. 

In  this  case  the  foundation  should  be  carried  down  to  the  soHd 
ground ;  or,  if  this  would  be  too  expensive,  a  number  of  piers  may 
be  sunk,  and  arches  turned  from  one  to  the  other,  upon  which  the 
building  may  rest,  or  similar  piers  may  be  used  to  support  a 
timber  platform;  or  again,  instead  of  the  piers,  holes  may  be 
driven  through  the  soft  upper  stratum  and  fiUed  in  with  concrete, 
sand  (if  the  ground  wiU  resist  its  lateral  pressure),  stones,  or  other 
incompressible  material ;  or  lastly,  piles  may  be  driven  into  the 
hard  substratum  to  act  as  supports  for  a  platform. 

2.  Ground  very  soft  to  an  indefinite  depth. 

Such  ground  may  be  treated  in  several  different  ways. 

Sometimes  a  wide  trench  fiUed  with  good  concrete,  of  such  a 
thickness  as  to  resist  fracture,  will  answer  by  distributing  the 
pressure  over  such  a  large  area  that  the  soil  is  enabled  to  bear  it, 
or  a  trench  may  be  filled  with  moist  sand  carefully  punned ;  in 
this  case  the  natural  soil  must  be  able  to  retain  the  sand  laterally, 
as  it  will  press  upon  the  sides  as  well  as  the  bottom  of  the  trench. 

If  the  trench  cannot  be  kept  free  from  water,  holes  about  6 
feet  deep  and  6  inches  in  diameter  may  be  bored  and  filled  with 
slightly  moistened  sand.  These  are  better  than  timber  piles,  as 
the  sand  transmits  the  pressure  upon  it  tolerably  well,  and  driving 
is  avoided,  which  shakes  the  ground. 
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Another  plan  is  to  form  a  raft  of  timber  or  fascines,  which 
floats  upon  the  nearly  liquid  soil  and  distributes  the  weight  of 
the  building  over  a  large  area. 

In  such  a  case  it  is  important  that  the  centre  of  gravity  of  the 
building  should  be  immediately  over  that  of  the  platform,  and 
the  latter  should  be  evenly  weighted,  or  it  may  sink  more  on  one 
side  than  on  the  other. 

A  timber  platform  is  constructed  by  placing  short  lengths  of 
timber  across  the  foundations ;  these  are  tied  longitudinally  by 
long  planks  laid  to  the  width  of  the  bottom  course  of  masonry. 

A  fascine  platform  consists  simply  of  two  or  three  courses 
formed  of  fascines  (long  bundles  of  brushwood)  laid  close  together, 
the  alternate  courses  being  in  opposite  directions,  and  the  whole 
being  kept  in  position  by  wooden  pickets. 

Such  platforms  should  either  be  at  a  depth  where  they  will  be 
constantly  wet,  or  be  so  drained  as  to  be  permanently  dry,  other- 
wise the  material  will  soon  perish. 

Again,  a  soft  soil  may  be  consolidated  by  driving  into  it,  over 
an  area  larger  than  the  proposed  building,  short  piles  quite  close 
together;  these  are  prevented  from  sinking  by  the  friction  of 
their  sides  against  the  soil. 

On  the  heads  of  these  piles  may  be  formed  a  platform  consist- 
ing either  of  timber,  a  bed  of  clay,  or  a  layer  of  concrete. 

In  all  these  cases  the  pressure  has  a  tendency  to  cause  the 
ground  immediately  around  the  foundations  to  rise ;  this  must  be 
counteracted  by  placing  stones  or  concrete  upon  it  so  as  to  act  as 
a  counterbalancing  weight. 

Sometimes  before  laying  the  platform  the  site  is  surrounded 
by  sheet  piling  to  prevent  the  lateral  escape  of  the  soft  soil  when 
the  weight  of  the  building  comes  upon  it. 

3.  A  crust  of  good  ground  overlying  a  soft  substratum. 
If  the  crust  be  thick  enough  to  bear  the  weight  required  it 
should  be  left  alone,  care  being  taken  not  to  cut  or  mjure  it. 

In  alluvial  soils  there  is  frequently  a  layer  of  clay  over  a 
stratum  of  soft  mud;  in  such  a  case  piles  would  do  harm,  as 
they  would  disturb  and  injure  the  crust  of  clay ;  it  would  be 
better,  therefore,  merely  to  pun  and  consolidate  the  clay  with  a 
rammer. 

The  upper  crust  should  be  sounded  by  striking  it  with  a  log ; 
experience  will  tell  whether  it  gives  out  a  clear  ring  or  a  hollow 
sound ;  in  the  latter  case  it  is  not  to  be  trusted. 
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When  the  upper  crast  is  not  thick  enough  to  bear  the  weight 
originally  intended,  the  area  of  the  foundations  may  sometimes  be 
increased  so  as  to  reduce  the  pressure,  on  each  superficial  foot, 
to  what  the  crust  can  bear. 

When  the  substratum  is  sand  it  will  be  safe  to  build  upon  if 
its  lateral  escape  is  prevented.  A  peaty  substratum  should,  if 
possible,  be  thoroughly  drained. 

When  the  hard  crust  rests  upon  a  soft  stratum  which  crops 
out  on  a  cliff  or  the  bank  of  a  river,  particular  care  must  be  taken 
or  it  will  be  found  to  ooze  out  and  cause  a  subsidence  of  the 
crust. 

Wlien  the  soft  substratum  is  very  shallow,  open  drains  may  be 
cut  so  as  to  encourage  it  to  ooze  out  and  permit  the  weighted 
crust  to  take  its  bearings ;  but  if  it  be  of  considerable  depth  such 
excavations  must  be  carefully  avoided. 

Concrete  Foundations. — The  composition,  characteristics,  and 
method  of  making  and  laying  concrete  are  given  in  Part  III. 

The  great  use  of  concrete  for  foundations  is  generally  to  form 
a  solid  base  or  platform,  which  will  cause  the  weight  of  the 
building  to  be  distributed  over  a  larger  area,  and  thus  reduce  the 
pressure  on  each  superficial  foot  to  whatever  the  soil  is  able  to 
bear. 

To  ensure  the  stabihty  of  the  bed  of  concrete  itself  it  must  be 
composed  of  such  materials,  and  be  of  such  a  thickness,  that  in 
case  of  the  subsoil  yielding  it  will  settle  uniformly  in  one  mass, 
and  bear  the  cross  strain  upon  it  without  breaking ;  care  should 
also  be  taken  that  its  composition  is  such  that  it  is  in  no  danger 
of  crushing  under  the  weight  brought  upon  it. 

The  various  cases  in  which  concrete  is  useful  have  been  con- 
sidered in  the  preceding  sections. 

Piles  and  Pile  Foundations. — TiMBEK  Piles  may  be  made  of 
elm,  larch,  fir,  beech,  oak,  teak,  or  greenheart. 

The  straightest-grained  timber  should  be  selected,  the  bark 
removed,  and  any  rough  projections  smoothed  off;  all  large  knots 
should  be  avoided,  and  diagonal  knots  especially  are  a  source  of 
danger,  as  a  pile  is  very  likely  to  be  broken  off  at  the  point  where 
they  occur. 

Piles  should,  if  possible,  be  of  whole  timbers,  and  driven  with 
the  butt,  or  natural  lower  end,  downwards. 

The  head  of  the  pile  should  be  bound  round  with  a  wrought- 
iron  hoop  to  prevent  it  splitting  when  driven. 
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Fig.  2. 


Fig.  3. 


The  lower  end  should  be  pointed,  and  if  it  has  to  encounter 
stony  or  hard  ground  should  be  shod  with  iron. 

Fig.  2  shows  an  ordinary  form  of  wrought-iron  shoe,  and 
Fig.  3  an  improved  form,  in  which  the  \\j 
lower  portion  C  is  of  cast-iron,  forming  a 
good  wide  abutment  for  the  timber,  which 
tends  to  prevent  the  danger  of  its  being 
crushed  as  the  pile  is  driven.  The 
wrought-iron  pins,  a  a,  are  cast  into  the 
portion  C,  and  their  heads  hammered  out 
like  a  rivet  to  secure  the  straps  s  s. 

From  the  remarks  at  pages  4-6  it  will 
be  seen  that  piles  are  used  for  foundations 
in  three  different  ways.  They  receive 
distinctive  names,  and  their  forms  and 
dimensions  are  governed  accordingly. 

Bearing  Piles  are  driven  down  either 
until  they  reach  a  hard  stratum,  or  until 
the  friction  on  their  sides  prevents  them  from  sinking,  upon 
which  they  are  used  as  pillars  to  support  a  platform  of  timber. 

Such  piles,  if  of  wood,  should  be  whole  timbers  from  9  to  18 
inches  in  diameter,  and  if  they  are  in  soft  soil  their  length  should 
never  be  more  than  about  twenty  times  their  diameter,  or  there 
will  be  danger  of  their  bending  when  driven. 

Short  Piles  are  driven  into  soft  soil  to  compress  and  consolidate 
it.  Upon  their  heads  may  be  placed  a  platform  of  timber  or 
layer  of  clay  or  concrete. 

These  piles  are  only  from  6  to  12  feet  long — of  round  timber 
about  6  inches  in  diameter.  They  should  be  driven  as  close 
together  as  is  possible  without  the  driving  of  one  pile  causing  the 
others  to  rise ;  to  prevent  this,  it  is  found  necessary  to  place 
them  at  intervals  of  about  2  feet  6  inches  from  centre  to  centre. 

Sheeting  Piles  are  used  to  enclose  the  areas  of  a  foundation, 
and  thus  prevent  the  soil  from  spreading  laterally,  or  to  protect 
it  from  the  action  of  water. 

Sheet  piles  are  flat  planks,  varying  in  width,  and  from  3  to  10 
inches  thick.  They  are  sometimes  grooved  and  tongued  down 
their  edges  so  as  to  form  a  tight  joint,  and  sharpened  to  an  edge 
at  the  lower  end  which  may  be  shod  with  iron. 

In  using  sheet  piling  to  enclose  soft  ground  long  "  guide  piles," 
about  6  to  1 0  feet  apart,  are  first  driven  in  the  direction  required. 
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On  opposite  sides  of  these  are  fixed  beams  ("string  pieces"  or 
"  wales  ")  at  a  horizontal  distance  apart  just  equal  to  the  thick- 
ness of  the  sheet  piles,  which  are  driven  down  between  them, 
commencing  at  the  guide  piles,  and  working  inwards  in  each  bay, 
so  that  the  last  sheet  pile  driven  acts  as  a  wedge  and  tightens  up 
the  whole. 

Pile  Foundations. — Platform  on  Piles. — After  the  piles  are 
driven,  and  their  heads  sawn  off  level,  a  timber  platform  is 
generally  laid  upon  them. 

This  consists  of  heavy  square  balks,  called  string  pieces  and 
cross  pieces,  notched  into  one  another  so  as  to  form  a  grating  or 
"  grillage."  The  string  pieces  are  notched  over  the  heads  of  the 
piles,  and  secured  to  them  by  trenails. 

The  ground  between  the  piles  is  often  taken  out  to  a  depth  of 
3  or  4  feet,  and  the  space  filled  with  concrete.  The  intervals 
between  the  timbers  of  the  platform  are  sometimes  similarly  filled 
in,  and  in  some  cases  a  bed  of  concrete  is  substituted  for  the 
platform  altogether. 

Fig.  4  is  an  illustration  of  a  portion  of  pile  foundation  for 
a  thick  wall.  P  P  P  are  the  piles  (shod  in  different  ways),  S  S 
the  string  pieces,  and  C  C  the  cross  pieces.  The  platform  Y  Y  is 
composed  of  Yorkshire  landings  6  inches  thick. 

A  portion  of  the  foundation  is  secured  by  sheet  piling,  S  P, 
driven  between  the  M'aling,  W,  and  the  outer  cross  piece  of  the 
grillage. 

A  disadvantage  in  the  string  pieces  and  cross  pieces  is  that 
the  heads  of  the  piles,  bearing  upon  their  sides,  bend  and  crush 
into  the  longitudinal  fibres,  indenting  the  timber,  and  causing  it 
to  sink  down  upon  the  pile  heads.  Where  there  is  a  really  good 
strong  bed  of  concrete  the  string  and  cross  pieces  can,  with 
advantage,  be  omitted ;  in  fact,  in  many  cases  a  good  broad  and 
deep  bed  of  solid  concrete  enables  the  use  of  the  piles  themselves 
to  be  dispensed  with  altogether. 

Causes  of  Failure  of  Pile  Foundations. — Pile  foundations 
are  liable  to  fail,  from  the  softness  of  the  ground  being  such  that 
it  does  not  offer  sufficient  resistance  to  a  lateral  movement,  in 
consequence  of  which  the  piles  lose  their  original  position,  and 
the  wall  has  a  tendency  to  upset. 

Wooden  piles  are  sure  to  be  destroyed  by  rot  in  any  position 
where  they  are  alternately  wet  and  dry. 

If  used  in  sea  water  they  are  liable  to  attacks  from  woims,  by 
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•which  they  are  soon  destroyed.  These  attacks  can  best  be 
delayed  by  completely  charging  the  pores  of  the  timber  with 
creosote  (see  Part  III.),  or  they  may  be  prevented  for  a  time  by 
covering  the  surface  of  the  timber  with  scupper  nails  driven  close 


Fig.  4. 


together,  or,  at  a  great  cost,  by  sheathing  the  pile  with  copper. 
After  a  time,  however,  the  worm  manages  to  get  under  the  nails 
or  sheathing,  and  to  eat  the  wood  completely  away,  leaving  an 
apparently  sound  but  entirely  hollowed  pile.  (For  an  account  of 
the  worms,  etc.,  see  Part  III.) 

Partial  piling  provided  under  a  portion  only  of  a  wall  is  most 
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dangerous,  as  it  leads  to  unequal  settlement,  by  wliich  the  wall 
may  be  fractured. 

In  a  wall  with  buttresses  the  unequal  weight  on  the  piles  has 
led  to  failure. 

Ieon  Piles  have  been  introduced  to  avoid  the  natural  defects 
of  those  made  of  timber. 

Cast-iron  Piles  have  been  used  of  various  cross  sections,  such 
as  square,  round,  hollow,  and  cross  shaped. 

In  driving  them  a  block  of  wood  or  "  dolly "  must  be  inter- 
posed between  them  and  the  monkey,  for  fear  pf  breaking  the 
pile  by  the  sudden  shock. 

They  have  a  disadvantage  for  the  foundations  of  buildings, 
inasmuch  as  they  cannot  be  cut  off  to  a  level  at  the  top. 

Cast-iron  sheet  piling  has  been  extensively  used ;  it  consists 
generally  of  fiat  plates,  stiffened  by  vertical  ribs,  and  furnished 
with  overlapping  edges.  The  guide  piles  may  be  of  the  same 
construction,  square  or  semicircular  in  cross  section. 

Screw  Piles. — In  these  the  pile  itself  may  be  of  timber,  or  a 
cylinder  of  cast  or  wrought  iron. 

It  is  furnished  at  the  lower  end  with  a  short  and  broad  cast- 
iron  screw  blade,  which  is  twisted  (Fig.  5)  round 
under  pressure  so  that  it  enters  the  ground,  from 
which  a  great  force  would  be  required  to  with- 
draw it. 

The  best  way  of  driving  these  piles  is  by  attach- 
ing long  radiating  levers  to  the  upper  end,  and 
turning  them  round  by  means  of  animals  moving  on 
a  temporary  platform. 

Ttibular  Foundations. — These  are  generally  com- 
posed of  cast-iron  tubes  of  large  diameter  united  in 
lengths  by  internal  flanges  and  bolts. 

These  cylinders  are  sunk  by  excavating  the  earth  from  within 
and  under  them  in  various  ways.  The  water  may  be  kept  out 
of  them  by  pumping  in  compressed  air.  The  excavation  can  then 
be  done  by  men  working  within  the  cylinder,  or  if  the  water  is 
not  forced  out  the  excavation  may  be  carried  on  by  tools,  or 
special  excavating  machines  lowered  from  above.  In  cases  where 
the  soil  is  very  soft,  cylinders  have  been  sunk  by  exhausting  the 
air  from  within  them,  so  that  they  are  forced  down  by  the 
atmospheric  pressure  acting  upon  their  covers  or  upper  surface. 
Iron  piles  and  tubes  are  more  in  use  for  the  foundations  of 
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engineering  works  than  for  ordinary  buildings ;  they  need  not 
therefore  be  further  noticed  in  this  course. 

Well  Foundations. — With  these  the  building  rests  upon  a 
number  of  hollow  cylinders,  or  wells,  of  brickwork,  concrete,  or 
masonry,  which  form  supports  in  the  same  way  as  hollow  piles 
or  tubular  foundations. 

The  masonry  is  first  built  to  a  height  of  about  4  feet  upon 
a  wooden  curb  or  frame  of  the  size  of  the  work ;  this  is  then 
undermined  and  allowed  to  sink  its  full  depth  into  the  ground , 
another  3  or  4  feet  is  then  added,  the  structure  is  again  under- 
mined, and  so  on  until  the  required  depth  has  been  attained. 

The  masonry  must  be  of  first-rate  quality,  and  the  undermining 
must  be  equal  all  round,  or  the  work  will  be  strained  and  crack. 

Well  foundations  are  extensively  used  for  ordinary  buildings 
in  India ;  but  in  this  country  they  have  been  restricted  to  cases 
in  which  a  support  is  required  for  heavy  wharf  walls  and  other 
structures. 

Pile  Engines  of  various  kinds  are  used  for  driving  piles  into 
the  ground. 

In  all  of  them  a  heavy  block  of  iron  or  wood  called  a  "  ram  " 
or  "monkey"  is  raised  by  a  rope  or  chain  over  a  pulley  to  the 
top  of  an  upright  frame  and  then  allowed  to  fall  suddenly  upon  the 
head  of  the  pile,  being  guided  in  its  descent  by  arrangements 
which  vary  considerably  in  different  engines. 

There  is  some  difference  of  opinion  as  to  whether  piles  are  best 
driven  by  blows  slowly  delivered  by  a  heavy  monkey  falling 
through  a  considerable  height,  or  by  a  light  monkey,  with  a  short 
fall,  delivering  blows  in  quick  succession.  The  latter  plan  is, 
however,  in  nearly  every  case  by  far  the  best,  as  the  heavy  blows 
crush  the  foot  of  the  pile  just  above  the  shoe,  convert  it  into  a 
large  mass  or  baU  of  fibres,  which  prevents  it  from  penetrating 
further. 

Ringing  Engines, — In  these  the  chain  or  rope  attached  to  the 
monkey,  after  passing  over  the  pulley  at  the  head  of  the  frame, 
is  connected  with  several  short  ropes,  each  of  which  is  hauled  on 
by  a  man  until  the  monkey  has  been  raised  3  or  4  feet,  when 
upon  a  given  signal  the  whole  are  let  go  at  the  same  moment  so 
as  suddenly  to  release  the  monkey,  which  falls  upon  the  pile. 

Immediately  after  the  blow  is  delivered  the  men  pull  the  rope 
so  as  to  tighten  it  and  take  advantage  of  the  rebound  of  the 
monkey  fiom  the  head  of  the  pile. 
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Fig.  6  shows  a  very  simple  form  of  ringing  engine  adapted 
for  use  by  seven  or  eight  men. 

The  frame  consists  merely  of  an  upright  pole  or  leader  sup- 
ported by  two  side  braces,  and  steadied  by  guys  secured  to  an 
iron  strap  at  the  head. 

The  monkey,  M,  here  shown  is  of  cast-iron,  weighing  from  250 


Fig.  6. 


to  300  lb.,  and  is  guided  in  its  descent  by  wrought -iron  straps 
fixed  to  its  sides,  which  embrace  the  "  leader,"  and  are  secured  at 
the  back  by  a  transverse  bar  passing  through  slits  formed  in  the 
ends  of  the  straps. 

The  rope  shown  round  the  head  of  the  pile  is  intended  to  keep 
it  close  up  to  the  engine  so  that  it  may  not  get  out  of  place 
while  it  is  being  driven. 

This  engine  is  generally  used  for  small  piles ;  it  delivers  its 
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blows  with  great  rapidity,  the  monkey  being  raised  only  as  far  as 
the  men  can  reach,  some  3  or  4  feet  each  time,  and  the  rope 
never  being  detached  from  it. 

In  some  forms  of  this  engine  a  monkey  weighing  from  600  to 
800  lb.  is  nsed. 

In  these  a  stronger  and  more  elaborate  framing  is  required. 
Two  parallel  leaders  are  generally  made  use  of,  connected  by  a 
cross  head,  and  further  supported  by  framing. 

In  such  engines  the  monkey  may  be  provided  with  ears  and 
projections  cast  on  its  sides,  which  travel  in  grooves  formed  on 
the  inner  sides  of  the  leaders  and  thus  guide  the  monkey  during 
its  fall. 

Professor  EanMne  recommends  that  the  men  to  work  such  an 
engine  should  be  in  the  proportion  of  1  to  every  40  lbs.  weight 
in  the  monkey,  and  states  that  they  work  most  effectively  when 
after  every  three  or  four  minutes  of  exertion  they  have  an  interval 
of  rest,  and  that  under  these  circumstances  they  can  give  about 
4000  or  5000  blows  per  day. 

Crab  Engines  are  similar  to  the  last  described  in  their  general 
arrangements,  but  the  framing  is  much  higher  and  the  monkey  is 
lifted  to  a  height  of  1 0  or  12  feet  by  means  of  a  windlass  or  crab 
worked  by  men,  horses,  or  steam-power. 

In  the  commonest  form  the  monkey  is  raised  upon  a  hook,  h 
(Fig.  7),  attached  to  a  counter-weighted  lever,  I,  to  the  long  arm 
of  which  is  attached  a  rope,  by  pulling  which  the  hook  is  pulled 
out  and  the  monkey  is  permitted  to  fall 

The  monkey  can  be  released  at  any  height  by  pulling  the 
trigger  rope  C. 

It  is  generally  desirable  that  the  height  of  fall  should  be  the 
same  for  each  stroke ;  this  may  be  ensured  by  attaching  the 
trigger-rope  to  the  head  of  the  pile. 

Sometimes  the  rope  is  tied  below,  to  the  framing  of  the  pile- 
driver,  so  as  to  cause  the  release  of  the  monkey  always  at  the 
same  point,  but  in  this  case  the  height  through  which  the  monkey 
falls  of  course  increases  as  the  pile  is  driven  further  down. 

The  monkey  should  always  descend  in  a  line  parallel  to  the 
direction  of  the  pile.  When  that  is  vertical  the  guides  are  in  the 
uprights  of  the  framing,  but  if  the  pile  is  to  be  driven  in  an 
incHned  position  the  guides  must  be  similarly  inclined,  or  if  the 
framing  will  not  permit  this,  temporary  guiding  pieces  must  be 
fixed  at  the  required  inclination. 
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Steam  Pile-Drivers  are  those  in  which  a  small  steam  engine 
takes  the  place  of  the  manual  power  applied  to  the  crab.  There 


Fig.  7. 


are  several  forms  of  steam  pile-drivers,  but  it  is  unnecessary  to 
describe  them  in  these  Notes. 

A  "Punch"  or  "Dolly"  is  a  short  post  or  block  interposed 
between  the  head  of  the  pile  and  the  monkey,  either  when  the 
former  would  otherwise  be  out  of  reach,  or  when  it  is  advisable, 
as  in  the  case  of  cast-iron  piles,  to  deaden  the  blow. 
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"  According  to  some  of  tlie  best  authorities  the  test  of  a  pile's  having  been 
Buflaciently  driven  is  that  it  shall  not  be  driven  more  than  \  inch  by  30 
blows  of  a  ram  weighing  800  lb.  and  falling  5  feet  at  each  blow. 

"  It  appears  from  practical  examples  that  the  limits  of  the  safe  load  on 
piles  are  as  follows  : — 

"  In  piles  driven  till  they  reach  the  firm  ground,  1000  lb.  per  square 
inch  of  area  of  head. 

"  In  piles  standing  in  soft  ground  by  friction,  200  lb.  per  square  inch  of 
area  of  head." — Rankine. 

Drawing  Piles. — This  may  be  necessary  when  a  pile  breaks, 
or  for  other  reasons. 

It  is  generally  effected  by  fastening  the  head  of  the  pile  to  a 
long  beam  and  using  the  latter  as  a  lever,  or  it  may  be  done  by 
means  of  the  hydraulic  press. 

A  pile  may  also  be  drawn  by  means  of  a  large  screw,  one  end 
of  which  is  fastened  to  the  head  of  the  pile  while  the  other  passes 
through  a  cross  head  temporarily  but  firmly  supported  above  it. 

Inverted  Arches  are  used  for  distributing  uniformly  over  a 
foundation  the  pressure  of  a  building,  which  in  some  cases  would 
otherwise  come  only  upon  a  few  points. 

For  instance  it  is  evident  that  in  the  building  shown  in  Fig, 
8  there  would,  in  the  absence  of  the  inverted  arches,  be  a 
great  pressure  upon  the  foundation  immediately  under  the  abut- 
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ments  and  piers,  but  none  at  all  on  the  portions  under  the  voids ; 
the  arches,  however,  cause  the  weight  to  be  uniformly  distributed 
over  the  whole. 

Such  arches  are  of  course  only  necessary  when  the  foundation 
is  of  a  compressible  nature. 

Arches  of  9  inches  in  thickness  are  sufficient  for  ordinary  pur- 
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poses,  but  for  large  and  heavy  buildings  they  may  be  increased 
in  thickness ;  the  angle  subtended  by  the  arch  should  not  be  less 
than  45°. 

It  is  most  important  that  inverted  arches  should  have  an  effi- 
cient abutment  on  both  sides  ;  if  not,  they  may  do  more  harm  than 
good  by  thrusting  out  the  corner  of  the  wall  as  shown  in  dotted 
lines  in  Fig.  8. 

When  a  chasm  or  bad  soft  place  occurs  in  a  foundation  imme- 
diately under  a  pier  and  cannot  be  filled  up,  it  may  be  bridged 
over  by  an  ordinary  arch  whose  extremities  spring  from  or  rest 
upon  those  of  the  inverted  arches  which  lie  under  the  openings 
on  either  side  ;  or,  where  there  are  no  inverted  arches,  the  ordinary 
arch  may  spring  from  the  sides  of  the  chasm. 


B.C. — II 
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EXCAVATIONS,  SHORING,  SCAFFOLDING. 

EXCAYATIOK 

IN"  clearing  and  levelling  the  site  for  buildings  very  large  quan- 
tities of  earth  may  have  to  be  removed  from  one  spot  to  another, 
for  which  special  arrangements  would  be  necessary.  Such  arrange- 
ments, however,  are  rather  beyond  the  province  of  these  Notes,  in 
which  it  is  proposed  to  consider  only  the  excavations  required  for 
the  foundations  of  buildings  to  be  placed  upon  a  site  which 
requires  no  special  preparation  in  the  way  of  levelling. 

In  all  excavations  for  foundations  the  solid  ground  at  the 
bottom  of  the  trenches  should  be  left  to  the  required  levels — 
not  made  up  with  loose  earth — and  temporary  drains  should  be 
cut  to  carry  off  the  rain  that  may  fall  during  the  progress  of  the 
work. 

In  excavating  trenches  for  brick  or  stone  footings  an  extra 
width  of  about  6  inches  on  each  side  is  generally  allowed  at  the 
bottom  of  the  trench  to  give  the  men  room  to  build ;  but,  when 
concrete  is  to  be  used  the  excavations  should  be  of  the  exact  width 
required  for  the  bed  of  concrete  itself. 

SHOEING  AND  STEUTTING. 

When  trenches  have  to  be  dug  in  loose  ground  it  is  necessary 
to  support  the  sides  of  the  excavation  by  timbering  and  shoring. 

In  moderately  firm  ground,  after  a  depth  of  3  or  4  feet  has 
been  excavated,  a  few  rough  planks  or  "poling  hoards"  PP 
{Pig.  9)  are  placed  at  intervals  varying  with  the  nature  of 
the  soil  against  the  sides  of  the  trench,  and  kept  up  by  jamming 
or  wedging  in  between  them  struts  (S)  of  rough  scantling  from 
4  to  6  inches  square. 

In  looser  ground  it  is  necessary  to  place  the  poling  boards 
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closer  together,  and  so  support  them  (Fig.  10)  by  3-inch  planks 
W  W  called  "  walings."    The  struts  must  be  made  thick,  in  pro- 


Fig.  9. 


portion  to  the  width  of  the  trench  and  the  pressure  upon  them, 
and  their  distance  apart  will  depend  upon  the  strength  of  the 
walings  and  the  nature  of  the  soil. 


Fig.  10. 


The  poling  boards  P  P  are  often  in  short  lengths  of  about  3 
feet,  so  that  no  greater  depth  has  to  be  excavated  before  they  can 
be  inserted. 

In  wry  loose  soils,  such  as  running  sands  or  slipping  clays,  it 
is  evident  that  the  sides  would  fall  in  if  an  attempt  was  made 
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Fig.  11. 


to  excavate  the  treuches  to  a  depth  of  o  or  4  feet  before  support- 
ing them  (Fig.  1 1 ). 

To  prevent  this  the  poling  boards  are  sometimes  put  in  hori- 
zontally— as  "sheeting''' 
— one  at  a  time,  A 
portion  9  inches  or  a 
foot  deep  is  excavated, 
and  at  once  supported 
by  planks  placed  longi- 
tudinally on  both  sides 
and  kept  apart  by 
struts,  then  another 
depth  of  9  inches  is 
taken  out  and  another 
plank  placed  on  each 
side  below  those  already 
in  position,  and  these  last  also  strutted.  When  five  or  six  planks 
have  been  thus  inserted  on  each  side  walings  may  be  added,  and 
some  of  the  struts  dispensed  with. 

The  timber  used  for  shoring  important  excavations  should  be 
hard  and  tough — seasoned, — Ijarked  before  use — so  placed  as  to 
receive  the  stress  on  its  end  grain,  and  as  large  a  bearing  surface 
as  possible  should  be  allowed,  especially  when  the  end  of  one 
timber  bears  upon  the  side  of  another. 

All  shores  should  be  driven  from  above,  not  sideways  or  hori- 
zontally. The  planks  or  walings  at  the  sides  of  an  excavation 
should  be  at  a  slight  inclination,  as  in  Fig.  1 1 ,  the  upper  edge 
sloping  toward  the  earth  they  support,  so  that  when  the  shore, 
whose  ends  are  cut  to  the  proper  angle,  is  driven  down  from 
above,  it  will  take  a  fair  bearing.^ 

Fig.  1 1  shows  round  shores,  which  are  sometimes  made  by 
cutting  up  old  fir  scaffold -poles.  Half-round  walings  are  also 
often  used. 

Sometimes  in  very  bad  soil  long  planks  called  "runners," 
having  sharp  ends  shod  with  iron,  are  substituted  for  the  poling 
boards  ;  these  are  driven  in  as  the  trench  is  dug,  their  points 
being  kept  a  foot  or  so  below  the  bottom  of  the  portion  excavated. 

In  very  deep  excavations  platforms  are  required  at  vertical 
intervals  of  about  5  feet  to  receive  the  earth  thrown  up  by  the 
men  from  stage  to  stage. 

1  Transactions,  Society  of  Engineers,  1873. 
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lu  this  case  these  stages  may  rest  upon  the  struts  of  the  tim- 
bering, which  should  be  made  particularly  firm  to  ensure  safety 

Shoeing  Buildings. 

It  is  frequently  necessary  to  afford  buildings  temporary  support 
in  consequence  of  the  instability  of  the  walling,  caused  either  by 
the  removal  of  adjacent  houses,  by  faults  in  construction,  or  by 
defective  foundations. 

Inclined  Shores. — This  support  is  obtained  by  propping  up 
such  walls  as  are  likely  to  be  unstable  with  balks  of  timber  called 
"  shores." 

Shores  may  be  used  singly,  as  shown  at  A,  Fig.  12,  or 
arranged  in  groups  of  two  or  three,  according  to  the  height  of  the 
wall  to  be  supported. 


Fig.  12. 

The  arrangement  at  B  is  a  double  shore  adapted  for  walls  of 
moderate  height.  Three  shores  are  used  at  C,  wliere  the  wall  is 
liigher. 

Another  combination  of  those  shores,  shown  at  D,  is  adapted 
for  cases  in  which  long  timbers  are  scarce. 

In  all  these  cases  the  shores  are  placed  in  an  incKned  position, 
their  feet  are  fixed  firmly  on  the  ground — or,  if  that  be  soft,  are 
made  to  abut  on  blocks  or  thick  planks  called  "  footing  pieces," 
buried  in  the  ground ;  these  distribute  the  pressure,  and  prevent 
the  shore  from  being  forced  into  the  soil. 

When  two  or  three  shores  are  combined  they  are  secured 
together  by  means  of  cross  pieces  of  plank,  a  a,  nailed  on  each 
side  of  the  balks ;  the  feet  are  strongly  bound  together  with  hoop 
iron,  h  h. 

The  upper  end  of  the  shore  abuts  against  a  thick  plank  placed 
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against  the  wall  extending  over  the  height  required  to  be  sup- 
ported, and  secured  as  follows  (see  Fig.  13) : — 

Holes  from  4  to  6  inches  square 
are  cut  through  the  plank  and  into 
the  wall  behind  it ;  through  these  are 
passed  pieces  of  scantling,  IST,  called 
"needles,"  which,  being  about  a  foot 
long,  enter  the  wall  some  4  or  5 
inches  and  j^roject  about  the  same 
distance  from  the  outside  of  the  plank, 
thus  forming  an  abutment  on  the  top 
of  the  shore  S,  wedges,  w,  being 
inserted  so  as  to  make  up  for  any 
opening  or  inequality  in  the  joint. 
Wooden  cleats,  C,  are  generally  nailed 
above  the  needles  so  as  to  give  them 
additional  strength. 

Horizontal  Shores. — In  cases  where 
one  or  two  houses  are  taken  out  of 
a  row  the  external  party  walls  of 
those  remaining  are  supported  by 
horizontal  shores  of  different  forms, 
such  as  those  shown  in  Fig.  14. 

If  the  opening  be  narrow  and  the  height  to  be  supported 
moderate,  as  at  A,  Fig,  14,  the  shore  may  consist  simply  of  a 
horizontal  balk  connected  with  struts  abutting  against  planks, 
which  serve  to  distribute  the  support  over  a  greater  height  of 
wall,  and  may  be  secured  to  it  by  needles  as  above  described. 
When  the  walling  to 


be  supported  is  higher, 
a  combination  of  two 
such  shores  may  be 
made,  as  shown  at  B, 
Fig.  14. 

If  the  opening  be  of 
considerable  extent  the 
shoring  may  be  of  a 
more  elaborate  character, 
forming  deep  trusses,  as  at  C,  Fig.  14,  placed  at  intervals  of  a 
few  feet  throughout  the  depth  of  the  buildings. 

When  a  passage  is  formed  between  two  houses  and  they 


Fig.  13. 
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have  to  be  strutted  apart  permanently,  the  shores  may  be  of 
iron,  such  as  old  rails,  bent  and  secured  in  a  form  similar  to  A, 
rig.  14. 

SCAFFOLDIISra. 

Scaffolds  are  temporary  erections  of  timber  supporting  plat- 
forms close  to  the  work,  on  which  the  workmen  stand  and  deposit 
their  materials. 

Bricklayers'  Scaffolds. — When  a  wall  is  built  as  liigh  from 
the  ground  as  the  bricklayer  can  conveniently  reach  he  com- 
mences a  scaffold  by  planting  a  row  of  poles  or  "  standards,"  S  S, 
about  10  or  12  feet  apart  (Fig.  15). 


Fig.  15. 


Across  these  standards,  at  the  level  of  the  work  already  done, 
are  poles,  called  "  ledgers^''  secured  with  lashings  which  are  in  many 
cases  tightened  up  by  wooden  keys  or  wedges,  and  upon  these 
are  laid  short  transverse  pieces  called  "putlogs''  p,  about  6  feet 
long  and  3  inches  thick,  which  form  bearers  to  support  the  scaffold- 
boards,  l. 
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The  putlogs  are  trom  4  to  6  feet  apart,  according  to  the 
strength  of  the  scaffold -boards,  which  should  be  about  1^  inch 
thick ;  header  bricks  are  temporarily  left  out,  forming  holes,  h  h, 
into  which  one  end  of  each  putlog  is  inserted,  the  other  end  rest- 
ing upon  the  ledger. 

Three  or  four  scaffold -boards  are  laid  across  the  putlogs ;  on 
these  the  bricklayer  stands  and  his  materials  are  deposited. 

The  materials  are  either  carried  up  ladders  in  hods,  or  hoisted 
by  means  of  a  pulley  or  windlass  and  rope. 

In  many  cases  a  platform  for  landing  materials  is  erected  in 
the  same  way  as  the  scaffold,  and  close  to  it. 

When  the  wall  is  so  high  that  it  can  barely  be  reached  from 
the  scaffold-boards  another  row  of  ledgers  is  lashed  to  the  stand- 
ards, fresh  putlogs  laid,  and  the  scaffold -boards  are  raised  to  the 
new  level. 

The  ledgers  and  putlogs  used  at  the  lower  levels  are  left  in 
position  to  steady  the  scaffold,  and  if  the  building  be  very  high 
and  in  an  exposed  situation  the  scaffolding  must  be  stiffened  by 
lashing  long  poles,  called  "  braces,"  B  B,  diagonally  across  the 
outside  of  the  standards  and  ledgers. 

Care  must  be  taken  not  to  load  a  scaffold  too  heavily,  other- 
wise the  putlogs  will  injure  the  green  work  upon  which  they  rest. 

The  scaffold  for  the  inside  of  the  brick  or  rubble  walls  of 
buildings  sometimes  consists  merely  of  planks  laid  across  the 
joists  of  the  different  floors,  which  are  placed  in  position  for  the 
purpose ;  when  the  walling  has  risen  more  than  5  feet  above  a 
floor  a  fresh  tier  of  planks  is  provided,  supported  on  trestles, 
empty  casks,  or  anything  that  may  be  available. 

When  there  are  no  floors  on  the  inside  of  the  wall  the  scaffold 
then  is  constructed  in  the  same  way  as  for  the  outside. 

Masons'  Scaffolds. — Scaffolding  for  ashlar  walls,  of  which  the 
stones  can  be  lifted  without  machinery,  are  formed  with  standards 
and  ledgers ;  but  as  putlogs  cannot  conveniently  be  inserted  in 
the  face  of  the  masonry,  a  row  of  standards  is  used  on  both  sides 
of  the  wall,  between  which  the  putlogs  are  lashed,  so  that  the 
scaffolding  is  entirely  independent  of  the  building. 

Building  without  Scaffolds. — In  some  parts  of  the  country 
houses  many  stories  in  height  are  erected  without  scaffolds  at  all, 
the  work  being  all  done  from  the  inside,  and  the  men  supported 
only  by  temporary  platforms  formed  on  the  different  floors  in 
succession. 
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Special  ScaflTolds. — Scaffolds  made  from  square  scantling  have 
been  used  under  the  supposition  that  the  timber  might  eventually 
be  used  in  the  building,  that  cords  would  be  saved,  and  that  the 
scaffolding  could  be  more  quickly  erected  and  taken  down. 

Practically,  however,  these  advantages  have  not  been  found  to 
exist,  and,  where  the  scaffolding  is  high,  iron  sockets  for  uniting 
the  lengths  of  scantling  and  other  expensive  and  awkward  con- 
trivances have  been  found  necessary,  so  that  the  system  may  be 
considered  a  failure. 

Gabers  Scaffolds,  made  from  pieces  of  flat  timber  or  deals  bolted 


fig.  16,  Fig.  17. 


together  and  well  cross-braced,  are  sometimes  used  in  Scotland, 
Their  general  construction  will  be  understood  from  Figs.  16,  17, 
which  are  taken  from  an  actual  example. 

Gantries. — When  the  stones  to  be  lifted  are  very  heavy,  scaffolds 
of  poles  lashed  with  cords  would  not  be  safe,  nor  could  they  carry 
the  necessary  machinery  for  lifting  the  stones. 

In  such  a  case  a  staging  or  "  gantry  "  is  erected  of  balk  timber, 
supporting  a  tramway,  upon  which  runs  a  "  traveller,"  extending 
across  the  gantry  at  right  angles  to  the  direction  of  its  length, 
and  consisting  of  a  stage  on  wheels,  along  which  moves  a  truck 
carrjdng  a  double  purchase  crab. 

As  the  stage  or  traveller  can  move  anywhere  in  the  direction 
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of  the  length  of  the  scaffold,  and  the  truck  can  move  along  the 
traveller  across  the  width  of  the  gantry,  it  is  evident  that  the 
crab  can  be  brought  vertically  over  any  point  lying  within  the 
scafiblding. 

The  traveller  consists  of  two  trussed  beams  (see  Part  I.)  fixed 
parallel  to  one  another,  and  about  4  or  5  feet  apart. 

At  each  end  the  beams  are  united  by  a  cast-iron  carriage  con- 
taining a  pair  of  wheels,  which  run  along  the  rails  fixed  upon 
the  upper  beams  or  sills  of  the  gantry. 

The  traveller  is  worked  along  by  turning  these  wheels,  which 
is  effected  by  machinery  worked  either  from  the  platform  carrying 
the  crab,  or  by  men  stationed  at  the  ends  of  the  traveller. 


Fig.  18. 

The  truck  carrying  the  crab  is  moved  along  on  the  rails  of  the 
traveller,  across  the  gantry,  by  machinery  on  its  own  platform. 

The  outer  wheels  of  travellers  moving  on  a  circular  gantry  are 
made  with  very  broad  tires,  so  that  they  may  not  jam  upon  the  rail, 
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Fig,  1 8  is  a  longitudinal  view  of  a  gantry  constructed  of  balk 
timbers.  The  uprights,  U  IT,  are  placed  from  10  to  20  feet  apart 
according  to  the  size  of  timber  available,  and  the  capsills  or 
"  runners,"  E  E,  are  supported  by  struts,  S  S,  which  butt  against  a 
straining  piece,  SP,  and  rest  upon  cleats,  C.  Corbel  pieces  are 
often  introduced,  as  shown  at  CP. 

The  standards  or  uprights  at  the  end  of  the  gantry  should  be 
strutted  as  shown,  and  so  should  every  standard  be  supported  by 
struts  on  the  outside  to  prevent  lateral  movement. 

In  order  to  keep  the  timber  as  perfect  as  possible  bolts  should 
be  avoided,  and  the  balks  united  by  straps  or  "  dogs." 

The  latter  are  pieces  of  iron  about  \  inch  square,  the  ends  of 
which  are  turned  down  and  pointed  by  being  splayed  on  the 
inside,  so  as  to  draw  the  timbers  together  when  driven  home. 

It  frequently  happens  that  a  line  of  railway  can  be  brought 
from  the  stoneyard  right  under  the  gantry,  as  shown,  in  which 
case  the  stone  can  be  lifted  off  the  trucks  by  the  traveller  and  set 
at  once. 

Derrick  Cranes  of  the  form  shown  in  Fig.  19  are  frequently 
used  for  lifting  the  materials  required  in  building  large  houses, 
as  well  as  other  structures. 


Fig.  19. 


The  crane  is  placed  on  a  platform  in  a  high  and  central  posi- 
tion, so  that  it  can  reach  the  stones  or  other  materials  where  they 
are  deposited,  and  also  by  revolving  the  jib  or  derrick  place  them 
where  they  are  required  iu  the  work.    The  platform  is  frequently 
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triangular  in  plan,  supported  upon  a  tripod  of  lofty  timber-latticed 
columns,  the  entire  structure  being  braced  together ;  or,  as  an 
alternative  method,  the  derrick  is  mounted  upon  a  traveller  on  a 
gantry  to  increase  its  effective  reach. 

Methods  of  securing  stones  to  be  lifted. — It  is  manifestly  of 
the  utmost  importance  that  stones  to  be  hoisted  should  be  simply 
and  safely  secured  to  the  chain  or  "  fall "  by  which  they  are  to 
be  lifted.    There  are  several  ways  of  doing  this  : — 

1.  Chain. — Kough  stones  may  merely  have  a  chain  passed 
round  them ;  this,  however,  would  injure  worked  stones,  and 
w^ould  be  inconvenient-  while  they  were  being  set. 

2.  Leivis  in  separate  pieces. — A  hole  is  cut  in  the  stone,  being 
wider  at  the  bottom  than  above  (see  Fig. 
2o);  into  it  are  fitted  three  pieces  of  iron 
of  the  shape  shown  ;  the  two  side  pieces  are 
first  placed,  then  the  centre  piece,  and  the 
three  are  united  by  a  bolt  passing  through 
them.  This  bolt  also  secures  a  ring  or 
shackle,  into  which  the  hook  of  the  fall  is 
inserted  when  the  stone  is  to  be  raised ;  as 
the  stone  rises,  the  lewis,  in  virtue  of  its 

wedge  shape,  becomes  tightly  jammed  into  the  hole. 

3.  Lewis  in  one  2nece. — An  improvement  on  the  ordinary  lewis, 
frequently  used,  is  shown  in  Fig.  2 1 . 

In  this  the  chain  is  attached  to  a  ring  passing  through  the  eye 
(e)  of  the  centre  piece,  c,  the  lower  part  of 
wliich  is  wedge-shaped. 

The  side  pieces  are  connected  to  one 
another  by  cross  pieces,  cp,  of  flat  iron  on 
each  side  of  the  centre  bar ;  they  are  hinged 
to  the  ends  of  the  cross  pieces,  and  with  it 
are  free  to  move  up  and  down  the  centre 
piece. 

When  the  stress  comes  upon  the  lewis 
the  centre  piece  is  drawn  up,  and  as  the 
broader  part  of  its  wedge  rises  between  the 
side  pieces  it  forces  them  out  upon  the  sides  of  the  hole,  and  the 
greater  the  strain  the  tighter  becomes  the  grip  of  the  lewis. 

When  the  stone  has  been  lifted  a  smart  tap  on  the  head  of  the 
centre  piece  drives  it  downwards,  the  side  pieces  collapse,  and  the 
lewis  can  be  withdrawn. 


Fig.  20. 


Fig.  21. 
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A  great  advantage  in  this  lewis  is  that  the  pieces  are  all  con- 
nected, which  saves  time,  and  x^revents  their  being  lost. 

4.  Lewis  for  subaqueoits  work. — A  modification  of  the  lewis 
(shown  in  Fig.  22)  is  used  for  setting  under  water.  A  line 
is  attached  to  the  rectangular  piece,  after  the  stone  is  set  this  is 
pulled  out,  and  then  the  wedge  piece  can  easily  he  removed. 

5.  The  following  is  a  substitute  for  the  lewis  sometimes  used 
for  hard  stone.  Two  short  bars  connected  by  a  chain  are  let  into 
holes  inclined  inwards  towards  the  centre  of  the  stone ;  when  the 
strain  comes  upon  the  centre  of  the  chain  the  bars  are  pressed 
inwards  and  grip  the  stone. 


6.  Nippers. — A  pair  of  nippers  is  sometimes  used  thus  (Fig. 
23): — 

A  small  piece  is  picked  out  on  each  side  of  the  stone  so  as  to 
give  the  point  of  the  nippers  a  hold. 

The  upper  ends  or  "  eyes  "  of  the  nippers  are  fixed  to  a  short 
chain  which  passes  through  a  ring  attached  to  the  fall.  When 
the  weight  comes  upon  this  chain  its  effect  is  to  draw  the  eyes 
of  the  nippers  inwards,  which  has  a  similar  effect  upon  the  points 
and  tightens  their  hold  upon  the  stone. 

Care  must  be  taken  that  these  holes  in  the  side  of  the  stone 
are  made  so  far  from  the  top  that  the  weight  will  not  cause  the 
points  to  drag  up  through  the  stone. 

They  should  of  course  be  so  high  that  the  centre  of  gravity  of 
the  stone  is  below  the  points,  in  order  that  it  may  not  turn  ovei 
in  the  nippers. 

In  all  cases  where  worked  stones  have  to  be  lifted  by  nippers 
care  should  be  taken  in  working  them  to  leave  little  projecting 
knobs  to  receive  the  points  of  the  nippers  so  that  the  worked  face 
may  not  be  injured.  These  little  knobs  can  be  dressed  off  when 
or  just  before  the  stone  is  set. 


Fig.  22. 


Fig.  23. 
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PLUMBING  AND  SANITATION. 

DEAINAGE. 

THE  necessity  of  a  well  designed  and  carefully  executed  system 
of  drainage,  and  the  importance  of  good  sanitary  fittings  in 
a  building,  are  now  so  fully  recognised  that  it  will  be  unnecessary 
to  discuss  this  question  at  length.  The  health  of  the  residents  so 
greatly  depends  upon  good  sanitation,  that  not  only  should  the 
drainage  be  as  perfect  as  possible,  but  each  sanitary  fitting  should 
be  the  best  of  its  kind  and  most  suitable  for  its  purpose.  During 
comparatively  recent  years  only  has  sanitary  science  been  given 
the  serious  consideration  which  the  subject  demands. 

A  case  came  under  the  writer's  notice  only  a  short  time  back, 
where  in  a  nobleman's  mansion  nearly  the  whole  of  the  closets 
were  "pan  closets,"  and  the  whole  of  the  traps  to  sinks,  etc.,  of 
the  "  bell "  pattern.  Many  of  the  latter  had  the  upper  bell 
removed  or  broken,  so  that  direct  sewer  gas  entered  the  house 
in  several  places.  In  another  instance,  a  large  town  house  in 
London,  the  principal  W.C.  was  placed  in  the  centre  of  the 
building,  was  lighted  only  by  borrowed  light,  and  ventilated 
directly  on  to  the  main  staircase.  Happily  such  obsolete 
fittings  are  now  prohibited  by  the  Sanitary  Authorities,  and  such 
errors  of  planning  rendered  impossible  of  execution  by  the  various 
acts  dealing  with  sanitation.  At  the  present  time,  not  only  in 
London,  but  in  the  provinces  also.  Acts  of  Parliament  and  local 
bye-laws  have  been  framed  for  the  purpose  of  governing  these 
questions. 

The  first  care  of  every  sanitarian  should  be  to  keep  what  is 
generally  known  as  "  sewer  gas "  out  of  the  building.  Un- 
fortunately the  presence  of  foul  air  is  not  always  detected  by 
the  smell,  and  frequently  it  is  only  when  illness  appears  that  an 
examination  is  made,  and  the  defect  or  defects  discovered.  It 
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may  be  well  to  briefly  refer  to  some  of  the  worst  forms  of  fittings 
and  most  glaring  sanitary  defects  which  are  often  found  in  old 
and  sometimes  in  modern 
buildings,  before  describing 
good  forms  of  fittings  and 
methods  of  construction. 

It  is  difficult  to  imagine 
a  worse  or  more  insanitary 
W.C.  than  that  known  as 
the  "  pan  closet,"  It  will  be 
seen  from  the  illustration 
(Fig.  24)  that  the  pan  is 
hinged  at  the  back,  and 
discbarges  its  contents  into 
the  container,  which  has  to 
be  of  large  size  in  order  to 
allow  for  the  pan  falling 
backwards.  The  container 
becomes  fouled  by  continu- 
ous use,  and  every  time  the 
closet  is  used,  dangerous  and 
unpleasant  odours  pass  freely 
into  the  house.  An  old  pan  closet  when  removed  and  examined, 
presents  an  indescribable  amount  of  foul  deposit. 

The  "D"  trap  (Fig.  25)  is  a  most  objectionable  form  of  trap, 

and  is  practically  never 
used.  It  will  be  seen  that 
this  trap  is  not  "self-cleans- 
ing," and  its  form  altogether 
favours  the  retention  of  foul 
matter.  Frequently  old  traps 
are  found  where  the  dip 
pipe  has  been  eaten  away 
above  the  water-line  by  the 
enclosed  gases,  thus  leaving 
free  passage  for  sewer  gas 
to  enter  the  house.  When 
this  trap  was  used,  very 
often  not  only  the  discharge 
it,  but  also  wastes  and 
these  were  of  course 


Pan  closet  with  D  trap. 


Fig.  25.    D  trap. 


from  the 
overflows, 


closet  was  brought  into 
as  shown  in  the  illustration ; 
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Fig.  26.    Bell  trap. 


quite  free  for  the  passage  of  foul  air,  even  before  the  dip  pipe 
had  become  defective.  The  "pan  closet"  and  "D  trap"  were 
contemporary,  and  in  old  houses  were  almost  invariably  employed 

together.  It  would  in- 
deed be  difficult  to  in- 
vent any  two  fittings 
which,  used  in  conjunc- 
tion, could  combine  so 
many  sanitary  defects 
and  were  so  dangerous 
to  health. 

Another  form  of 
trap,  now  obsolete,  was 
the  "bell"  trap  (Fig. 
26).  In  addition  to 
having  insufficient 
"seal,"  the  small  quantity  of  water  in  the  trap  was  easily 
evaporated  in  hot  weather.  The  water-way  was  usually  in- 
sufficient, which  induced  careless  servants  to  remove  the  bell, 
thus  destroying  even  the  little  seal  which  the  trap  should 
provide.  Insanitary  as 
this  trap  was,  even 
when  properly  made, 
it  is  frequently  found 
that  the  lower  portion 
of  the  bell  did  not 
reach  the  water  level 
of  the  receiver  when 
fully  charged  with 
water,  so  that  it  was 
merely  an  ornamental 
appendage  which  could 
be  (and  usually  was) 
thrown  aside.  When 


Fig.  27.    Lip  trap. 


fixed  to  a  sink,  the  lower  portion  of  the  receiver  speedily  became 
choked  with  grease,  thus  not  only  collecting  foul  matter,  but 
blocking  up  the  water-way.  The  "  bell  trap  "  was  often  fixed  in 
basements  to  act  as  a  surface  gulley,  and  in  this  case  usually 
discharged  into  a  brick  chamber,  which  collected  foul  matter  on 
the  bottom  and  was  quite  inaccessible  for  cleaning. 

Fig.  27  shows  a  "lip"  trap,  which  it  was  thought  would  overcome 
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all  the  defective  points  in  the  bell  trap.  It  was  an  improvement 
on  the  bell  trap,  so  far  as  there  was  no  part  made  removable,  and 
so  long  as  there  was  water  in  the  trap  the  seal  remained  unbroken, 
but  it  was  never  self-cleansing,  and  like  the  bell  trap  was  often 
built  over  a  brick  chamber.  This  in  itself  was  insanitary  on 
account  of  the  large  amount  of  foul  matter  which  accumulated  at 
the  bottom,  and  the  effluvium  from  which  would  have  free  passage 
round  the  trap  if  it  were  not  properly  set,  or  through  the  trap  if 
the  seal  were  broken  by  evaporation. 

Another  old-fashioned  and  defective  trap  which  was  largely 
used  is  shown  on  Fig.  2  8.  It  will  be  seen  that  many  objectionable 
points  are  in  evidence.    It  is  not  self-cleansing;  the  receiver 


Fig.  28.    Defective  trap. 


would  become  choked  up  with  filth ;  and  sewer  gas  would  escape 
between  the  joints  if  defective.  Perhaps  the  only  good  point 
such  a  trap  possessed  was  the  small  water  area  exposed,  rendering 
a  broken  seal  by  evaporation  unlikely.  On  examination  of  an 
old  house  it  is  often  found  that  the  lower  portion  of  the  cone  had 
become  fouled  by  grease  or  other  deposit,  so  that  the  grating  and 
conical  portion  of  the  trap  had  been  removed,  thus  destroying  any 
seal  which  should  exist  in  the  trap. 

In  the  present  day  the  manufacture  of  sanitary  fittings  has 
been  so  carefully  studied  that  no  difficulty  should  be  experienced 
in  selecting  those  which  are  practically  perfect,  but  it  is  astonish- 
ing how  easy  it  is  for  an  ignorant  or  careless  workman  to  render 
the  best  fitting  inoperative,  and  eveii  dangerous  to  health,  by  bad 
workmanship  in  fixing  or  want  of  knowledge  in  plumbing.  A 
few  of  such  cases  which  have  come  under  the  writer's  notice  are 
here  illustrated. 

B.C. — II  D 
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A  very  common  defect  is  that  of  a  broken  pipe  or  pipes 
occasioned  by  settlement  of  a  wall  through  which  the  drain 


Fig.  29.    Drain  pipe  broken  through  settlement  of  -wall. 


passes  (Fig.  29).  The  result  is  that  the  sewage  leaks  through  the 
fractures,  impregnates  the  soil  around,  and  admits  not  only  sewer 
gas  but  effluvia  from  decomposing  matter  through  the  joints  be- 
tween the  floor  boards.  When  a  drain  passes  through  a  wall  the 
probability  of  settlement  (however  small)  should  be  guarded 
against  by  the  aperture  being  covered  over  in  half  brick  rings  of 
the  number  proportionate  to  the  height  of  the  wall  and  weight  it 
has  to  carry.  A  space  of  about  3  inches  should  be  left  between 
the  lower  part  of  the  arch  and  the  upper  part  of  the  drain  pipe. 
The  absence  of  concrete  under  stoneware  drains  has  proved  a  most 
fertile  source  of  bad  workmanship.  Until  the  last  few  years, 
concrete  was  seldom  if  ever  put  under  stoneware  drains,  and  the 


Fig.  30.    Sagging  drain  pipe. 


joints  were  usually  made  in  clay.  Fig.  30  illustrates  perhaps  the 
most  common  of  all  defects  occasioned  by  this  inferior  method. 
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Presuming  the  general  line  of  drainage  had  been  laid  straight 
and  with  proper  fall,  the  slightest  settlement  would  cause  the 
pipes  to  sag,  with  the  result  as  shown.  The  joints  would  be 
forced  open  and  a  small  cess-pool  be  created  between  the  pipes, 
which  would  eventually  increase  in  bulk,  choke  up  the  drain, 
and  the  soil  around  the  defective  joints  would  be  permeated  by 
sewage.  It  is  not  uncommon  for  many  cart-loads  of  filth  to  be 
removed  from  under  an  old  house  from  this  defect.  Leaking 
joints  are  perhaps  the  greatest  cause  contributing  to  settlement 
in  a  line  of  drains.    It  is  often  found  that  where  settlement  has 


Fig.  31.    Broken  and  defective  drain  pipe  through  settlement. 

occurred  the  drain  becomes  cracked  in  the  centre  (Fig.  3  i )  with 
the  same  result  as  in  the  last  instance.  Bad  jointing  between 
pipes  (sometimes  of  different  diameters  and  oftentimes  of  different 
materials)  occurs  frequently,  and  should  be  most  carefully  guarded 
against.  Fig.  32  illustrates 
the  method  often  adopted  by 
ignorant  workmen  for  joint- 
ing two  stoneware  pipes  of 
different  sizes.  The  spigot 
end  of  one  pipe  is  placed  in 
the  socket  of  the  other,  and 
the  joint  made  with  clay. 
It  will  be  readily  seen  that 
when  the  clay  joint  deterior- 
ates, sewer  gas  can  escape ; 
also  that  the  flow  of  sewage 
is  impeded  and  that  a  stoppage  at  this  point  would  inevitably 
occur.  When  two  such  pipes  (say  of  4  inches  and  6  inches 
diameter)  are  to  be  jointed,  a  pipe  tapered  from  one  size  to  the 
other  should  always  be  used;  the  lower  side  of  the  tapered  pipe 
should  be  fixed  horizontally,  so  that  the  bottom  portion  of  all  the 


Fig.  32.    Defective  jointing  between  drain 
pipes  of  different  diameters. 
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Fig.  33. 


Plan  of  defective  junction 
in  drain. 


drain  is  kept  straight  and  of  an  equal  gradient.  Taper  pieces 
should  invariably  be  employed  for  connecting  drain  pipes  of 

differing  sizes — whether  in  iron 
or  stoneware,  and  the  joints  made 
in  caulked  lead  or  cement  as  de- 
scribed later  on. 

Another  very  common  error 
is  made  in  the  execution  of 
splayed  junctions.  The  illustra- 
tion (Fig.  33)  shows  a  straight 
junction  instead  of  one  curved  to 
an  easy  bend,  with  the  result 
that  one  side  of  the  joint  is  left 
open  and  the  surrounding  soil 
contaminated  with  filth. 
Of  the  many  sanitary  defects  connected  with  overflows,  by- 
passes, wastes,  etc.,  a  few  samples  are  here  appended. 

A  rather  interesting  one  was  found  a  short  time  back  in  a 
west -end  residence, 
and  was  only  dis- 
covered after  re- 
peated cases  of 
illness  among  the 
servants.  A  dip-stone 
trap  (Fig.  34)  was 
fixed  under  a  scullery 
sink,  and  into  this  the 
waste  (with  a  bell 
trap)  discharged.  It 
was  found  that  the 
upper  portion  of  the 
dip  stone  was  not 
touching  the  cover, 
the  bell  trap  was 
unsealed,  and  the 
chamber  of  the  dip- 
stone  trap  had  be- 
come a  small  cesspool, 
so  that  sewer  gas 
entered  the  house 
over  the  top  of  the  Fig.  34,    Defective  sink  vraste  with  bell  and  dip-stone  traj 
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stone,  through  the  defective  bell  trap  and  through  the  floor  grating, 
as  shown  in  the  illustration. 

It  is  usually  found  when  a  trap  discharges  into  a  brick 
chamber,  or,  as  in  the  case  of  the  dip-stone  trap,  the  brick  chamber 
forms  part  of  the  fitting,  that  the  walls  have  never  been  rendered 
in  cement.  The  joints  between  the  bricks  therefore  become 
defective  and  porous,  so  that  the  surrounding  soil  becomes 
impregnated  with  foul  matter. 

rig.  3  5  illustrates  a  case  where  the  waste  from  the  sink  was 


Fig.  35.    Defective  sink  waste  carried  into  soil  pipe. 


taken  directly  into  the  soil  pipe.  An  ordinary  trap  was  fixed 
underneath  the  sink,  but  the  large  fall  allowed  caused  the  trap 
to  be  syphoned  out  whenever  the  soil  pipe  was  flushed.  No 
antisyphonage  pipe  had  been  provided,  with  the  result  that  the 
seal  in  the  trap  became  useless,  and  therefore  direct  passage  was 
opened  for  the  entry  of  sewer  gas  into  the  house. 

An  exceedingly  common  fault,  is  fixing  the  overflow  of  a 
bath  or  lavatory  to  the  sewer  side  of  the  trap  instead  of  the 
reverse,  thus  causing  a  by-pass  for  impure  air  and  rendering  the 
trap  perfectly  useless.  An  instance  of  this  is  shown  on  Fig.  36, 
where  it  will  be  seen  that  free  access  is  given  for  contaminated 
air  to  pass  into  the  house.  The  overflow  should  naturally  be 
fixed  between  the  basin  and  the  inner  side  of  the  trap. 

It  should  be  noted  that,  on  account  of  the  soapy  deposit,  the 
air  from  the  wastes  of  lavatories  and  baths  is  particularly 
offensive,  if  not  prejudicial  to  health.     In  addition  to  this, 
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however,  sometimes  the  gullies  receive  the  wastes  from  a  sink,  so 
that  all  the  effluvium  from  the  standing  water  in  the  trap  also 
passes  up  the  overflow.  Instances  of  soil  pipes  not  being  carried 
sufficiently  high  above  the  roof  level  and  dormers,  and  thus 
conveying  sewer  gas  into  the  windows,  are  of  daily  occurrence. 
Vent  pipes  have  sometimes  been  carried  into  the  nearest  chimney 
flue,  so  that  when  a  down-draught  occurs,  sewer  gas  is  conveyed 


Fig.  36.    Defective  overflow  from  lavatory. 


into  the  rooms.  A  case  has  come  under  the  writer's  notice  where, 
from  an  apparently  simple  error  in  plumbing,  a  town  main  was 
badly  contaminated  by  sewage;  and  this  defect  was  not  discovered 
for  some  years.  A  large  volume  could  be  compiled  on  sanitary 
defects,  some  made  through  ignorance,  many  from  carelessness, 
and  all  unjustifiable.  As  a  final  example.  Fig.  37  shows  one  of 
the  many  ways  in  which  the  water  in  a  cistern  may  become  con- 
taminated. The  cistern  supplies  a  sink,  and  provides  also  for 
the  flushing  of  a  hopper  closet  without  an  intervening  Water 
Waste  preventer.    The  supply  pipe  acts  not  only  as  a  ventilator 
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of  a  filthy  fitting,  but  discharges  foul  air  directly  over  the  water 
in  the  cistern. 

In  this  and  the  following  chapter  it  is  proposed  to  deal  with 


Fig.  37.    "Water  contaminated  througli  defective  supply  to  W.C. 

the  drainage  and  fittings  of  a  detached  residence.  This  particular 
example  has  been  chosen,  as  such  a  house  would  contain  nearly 
the  whole  of  the  various  types  of  fittings  which  are  in  general 
use.    The  question  of  sewering  and  sewage  disposal  is  such  a 
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large  one  that  it  cannot  be  brought  into  the  scope  of  the  present 
work,  and  it  has  therefore  been  assumed  that  the  sewer  is  already- 
constructed  in  the  road  facing  the  house. 


SCWER 


Fig.  38.    Ground-floor  plan  of  residence. 

The  general  principles  which  govern  a  good  system  of 
drainage  are:  (1)  that  all  the  drains,  where  practicable,  shall  be 
laid  outside  the  building ;  (2)  that  a  continuous  current  of  fresh 
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air  must  pass  throughout  the  system  by  means  of  inlet  and 
exhaust  ventilators;  (3)  that  each  fitting  must  he  separately 
trapped  to  prevent  the  entrance  of  any  foul  air  into  the  building ; 


Fig.  39.    First-floor  plan  of  residence. 

and  (4)  that  every  part  of  the  system  must  be  easily  accessible 
for  cleaning,  sweeping,  and  repairs. 

^igs.  38,  39,  and  40  show  the  ground,  first,  and  second  floor 
plans  of  the  residence,  with  the  various  fittings  and  system  of 
drainage.    In  order  to  prevent  sewer  air  from  entering  the  drain,  a 
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Disconnecting  Chamber  is  placed  as  near  the  boundary  fence  as 
possible.  Fig.  41  illustrates  a  very  good  type  of  disconnecting 
chamber.    The  walls  are  built  of  brickwork  in  cement,  9  inches 


Fig.  40.    Second-floor  plan  of  residence. 

thick,  and  the  inside  rendered  in  Portland  cement  trowelled  to 
a  smooth  surface.  In  high-class  work,  the  walls  are  frequently 
built  in  white  glazed  bricks, — an  admirable  arrangement  for 
cleanliness  and  durability.  It  will  be  seen  from  the  illustration 
that  the  drain  enters  the  chamber  from  the  side  nearest  the 
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house,  whilst  on  the  sewer  side  is  fixed  the  disconnecting  trap,  with 
a  good  water-seal.  A  sweeping  arm  is  provided  above  the 
trap,  at  an  angle  convenient  for  working  the  rods,  in  order 
to  remove  any  obstruction  which  might  occur  between  the 


Fig.  41.    Section  of  disconnecting  chamber. 


chamber  and  the  sewer.  The  sweeping  arm  is  provided  with  an 
air-tight  expansion  stopper  which  would  only  be  removed  for 
the  purpose  of  inserting  the  rods.  The  bottom  of  the  chamber  is 
formed  by  a  three-quarter  channel  pipe  of  the  same  diameter  as 
the  drain.    These  channel  pipes  are  sometimes  put  in  of  half- 
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diameter  only,  but  this  is  inadvisable,  as  a  heavy  flush  of  water 
splashes  the  sewage  over  the  top  of  the  pipe,  and  foul  matter 
becomes  deposited  on  the  "  benched  "  sides.    When  half-diameter 
^  pipes  only  are  used,  it  is  advisable  to 
.-flssss^^  build  on  either  side  of  the  pipe  one 
%  V^^^^^  y  course  of  glazed  bricks,  from  which 

^  '0  "'^1  ^i^y  f  ^  the  concrete  and  cement  benching 
A  X^^^^isJ^'^i'^i  ^  springs  (Fig.  42).  All  junctions  in 
%     V*) p  the  chamber  should  be  formed  by 

^^^^^^^^^^  «P,irl   nvpr»^nlpt  rhnnnfils  as  fihown 


^mmm^^/^^^''  "curl  over"  inlet  channels  as  shown 

^.         ^,      ,  .  .on  the  illustration,  in  order  to  pre- 

Fig.  42,    Channel  an  disconnect-  ,    ,  .  , 

iug  chamber.  vent  the  sewage  splashmg  upwards. 

It  should  be  carefully  noted  that  when 

two  or  more  junctions  occur  they  should  never  be  placed  opposite 

each  other,  as  the  discharge  from  any  pipe  would  be  thrown  into 

the  one  opposite  to  it.     The  intervening  space  between  the 

channel  pipe  and  sides  of  the  chamber  should  be  "  benched  up  " 

in  concrete  and  trowelled  to  a  smooth  surface,  so  that  any 

moisture  or  deposit  would  fall  back  into  the  channel  pipe.  The 

disconnecting  chamber  should  be  made  of  sufficient  size  to  enable 

a  man  to  enter  it,  and  at  the  same  time  have  room  to  work  the 

cleaning  rods.    It  is  unnecessary,  however,  to  have  the  manhole 

cover  of  larger  size  than  about  2  ft.  by  1  ft.  4  in.,  and  a  portion 

of  the  chamber  is  generally  corbelled  out  at  the  top  as  shown. 


^^^^^ 
^^^^^ 


3k» 


Fig.  43.    Donble-seal  cover  to  disconnecting  chamber. 

The  best  form  of  cover  is  that  illustrated  on  Fig.  43,  and  is 
known  as  the  "  double  seal."  It  is  made  of  galvanised  iron  and 
is  rendered  air-tight  by  each  of  the  covers  having  a  metal  flange, 
whilst  the  frame  has  corresponding  chases.  These  chases  are 
filled  with  stiff"  grease  and  the  covers  are  pressed  down  into  the 
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Fig.  44.  Fresh-air 
inlet. 


rebate,  thus  rendering  them  air-tight.  When  the  chamber  is  a 
deep  one,  stepping  irons  are  fixed  on  one  of  the  walls  at  intervals 
of  about  12  inches  in  height.  A  fresh-air  inlet  should  be 
connected  to  the  chamber  by  a  trumpet-shaped 
mouth  as  shown,  and  joined  to  the  inlet  by  a 
heavy  cast-iron  vertical  pipe  and  a  box  inlet 
provided  at  the  top.  The  inlet  pipe  is  usually 
carried  on  an  adjacent  wall,  or  to  a  tree  if 
there  should  be  one  in  a  convenient  position. 
In  order  to  prevent  the  inlet  acting  as  an 
exhaust,  a  mica  flap  valve  is  provided  over 
the  open  grating  of  the  box,  which  automati- 
cally opens  to  admit  fresh  air,  but  closes  if  air 
passes  up  the  pipe  (Fig.  44). 

Drains. — The  materials  usually  employed 
for  this  purpose  are  glazed  stoneware  or  cast-iron.  There  is  no 
doubt  that  the  latter  material  is  greatly  superior,  as  only  about 
a  quarter  of  the  number  of  joints  are  necessary  as  in  stoneware 
pipes.  They  are  more  quickly  fixed,  a  water-tight  joint  is  more 
easily  made,  and  they  are  less  liable  to  fracture  through  any 
settlement  which  may  occur  either  in  the  ground  or  in  the  walls 
of  the  building.  In  the  best  modern  work,  iron  pipes  are  now 
generally  used,  and  they  are  imperative  where  the  drains  must 
necessarily  pass  under  a  building,  such  as  in  the  case  of  one  of  a 
terrace  of  houses. 

Until  the  last  few  years,  it  was  customary  to  make  drains 
much  larger  in  diameter  than  was  needed,  and  this  has  been 
proved  to  be  a  mistake,  not  only  from  an  economic  point  of  view, 
but  also  in  regard  to  sanitary  fitness.  Every  drain  should  be 
self-cleansing,  and  in  order  to  attain  this  end,  the  pipes  should  be 
of  a  diameter  only  sufficient  to  carry  away  the  necessary  amount 
of  water.  In  the  scheme  here  illustrated,  the  main  line  of  drain 
should  be  6  inches  in  diameter  with  4-inch  branches.  The 
gradient  or  fall  of  the  drains  will  depend  on  their  length  and  the 
depth  of  the  sewer  into  which  they  are  to  discharge.  A  fall  of 
1  foot  in  40  feet  provides  an  excellent  gradient,  but  it  is  often 
found  that  the  sewer  is  too  high  to  admit  of  this  fall,  especially 
when  a  basement  has  to  be  drained.  When  the  fall  has  neces- 
sarily to  be  made  very  slight,  it  is  advisable  to  fix  an  automatic 
flushing  tank  at  the  head  of  the  drain,  which  will  discharge  at 
intervals  and  periodically  cleanse  the  whole  line  of  pipes.  Friction 
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occurs  where  there  is  any  change  in  direction,  and  in  order  to 
allow  for  this,  an  additional  fall  should  be  given,  varying  from 
1  inch  to  3  inches.  It  is  imperative  that  the  whole  of  the  joints 
between  the  lengths  of  drain  pipes  should  be  perfectly  water-tight, 
and  that  all  drains,  whether  in  iron  or  stoneware,  should  be  laid 
on  a  proper  bed  of  concrete  6  inches  thick,  except  in  the  very 
occasional  cases  where  the  subsoil  is  of  rock. 

The  iron  pipes  should  be  of  heavy  section  and  of  water-main 
strength.  The  following  Table  shows  the  thickness  and  weights 
of  iron  pipes  suitable  for  drain  work : — 


Bore  of 
iron  pipe. 

Net  length 
■when  laid. 

Thickness 
of  metal. 

Depth  of 
Bucket. 

Weight  of  pipe. 

4  inches 
6 

9  feet 
9 

f   of  inch 

3  inches 
3i  „ 

1  cwt.     1  qr.     24  lbs. 

2  1  „  27 

Iron  drain  pipes  should  be  invariably  coated  inside  and  out 
with  one  of  the  many  solutions  on  the  market  for  their  preserva- 
tion in  order  to  avoid  oxidation.  The  usual  method  employed  is 
to  dip  the  pipe  into  a  mixture  of  pitch,  coal  tar,  and  linseed  oil, 
the  bath  being  kept  at  a  temperature  of  about  300°  to  400°  Fahr. 
A  recent  process  has  been  introduced,  by  which  the  interior  of  the 
pipe  is  coated  with  a  glass  enamel,  and  when  pipes  are  so  treated 
the  exterior  of  the  pipe  should  be  given  three  coats  of  coal  tar  or 
three  coats  of  "  anti-fouling  paint,"  which  is  usually  used  for 
painting  the  part  of  ships  below  water  line. 

The  method  usually  employed  in  jointing  iron  pipes  is  illustrated 


Fig.  45.    Jointing  iron  drain  pipes. 


on  Fig.  45.  A  few  strands  of  yarn  are  caulked  in  between  the 
spigot  end  and  the  socket  of  the  adjoining  pipe,  and  the  interven- 
ing space  filled  in  with  molten  lead  which,  after  cooling,  is  well 
caulked. 

The  main  features  of  good  stoneware  pipes  are  as  follows : 
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They  should  be  (1)  made  of  imperishable  material ;  (2)  imperme- 
able to  water:  (3)  uniform  and  true  in  section;  (4)  perfectly 
straight  and  cylindrical ;  (5)  sufficiently  strong  to  resist  a  heavy 
crushing  load  or  fracture  by  bursting.  The  jointing  of  stoneware 
pipes  is  somewhat  more  difficult 
to  accomplish  satisfactorily  than 
in  the  case  of  iron  pipes.  The 
method  usually  employed  is  to 
make  the  jointing  in  Portland 
cement  and  sand  (Fig.  46)  mixed 

in  equal  proportions.    Care  must       ^^g.         Jointing  stoneware  pipes. 

be  exercised  that  each  joint  is 

carefully  cleaned  on  the  inner  bore  of  the  pipe  immediately  after 
it  has  been  made.  A  frequent  cause  of  trouble  arises  from  the 
neglect  of  the  above  precaution,  as  the  cement  often  percolates 
through  to  the  inner  bore  of  the  pipe,  hardens,  and  then  impedes 
the  flow  of  sewage  by  collecting  paper  and  other  substances,  which 
gradually  accumulate  and  choke  up  the  pipe. 

The  internal  diameter,  thickness,  weight,  etc.,  of  a  few  stock 
sizes  of  stoneware  pipes  are  given  in  the  following  Table : — 


Internal 
diameter. 

Length. 

Thickness. 

Depth  of 
socket. 

Weight 
per  foot. 

4  inches 
6  ,, 

8 

10  „ 

2  feet 
2  „ 

2  feet    6  inches 
2   „      6  „ 

\\  inch 
3 

T  >) 
1  „ 

H  „ 

If  inches 
2  „ 
21 

2^  „ 

10^  lbs. 

17  i-  „ 
26  „ 
36 

A  very  large  number  of  patent  joints  are  in  the  market  and 
have  been  used  to  some  extent,  but  a  good  cement  joint  if  properly 
made  is  quite  satisfactory.  Care,  however,  must  always  be  taken 
that  the  cement  has  been  properly  cooled  before  use.  It  frequently 
happens  that  by  neglecting  this  precaution,  the  cement  in  the 
joints  swells  and  cracks  the  sockets  of  the  pipes,  thus  making 
the  drain  leaky. 

Wherever  a  junction  or  change  of  direction  occurs  in  a  system 
of  drainage  (except  at  times  in  the  case  of  a  rain-water  junction), 
an  inspection  chamber  should  be  built.  These  are  usually  3  ft. 
long  by  2  ft.  6  in.  wide,  in  order  that  room  may  be  provided  for 
working  the  sweeping-rods  and  that  periodical  inspections  may 
be  made  of  the  efficient  working  of  the  drains.    A  good  type  of 


48  NOTES  ON  BUILDING  CONSTRUCTION. 


inspection  chamber  is  shown  on  Fig.  47.  The  construction  is 
somewhat  similar  to  that  of  a  disconnecting  chamber,  with  the 
exception  that  no  intercepting  trap  is  here  necessary.  The 
chamber  should  be  built  in  9  inch  brickwork  with  glazed  bricks 
or  cement  rendering,  and  should  have  "double  seal"  covers,  channels 
and  junctions  as  previously  described  for  the  disconnecting 
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Fig.  47.    Plan  and  section  of  inspection  chamber. 


chamber.  The  central  channel  should  be  of  f  diameter  and 
the  junctions  executed  in  "  curl  over  "  pipes  as  in  a  disconnecting 
chamber. 

In  planning  any  system  of  drainage,  great  care  should  be 
exercised  that  no  portion  of  it  is  double  trapped.  This  would 
have  the  effect  of  rendering  that  part  of  the  drains  between  the 
two  traps  quite  unventilated.  It  should  also  be  borne  in  mind 
that  outlet  ventilators  are  practically  useless  unless  inlet  vents 
are  also  provided,  so  as  to  cause  a  continuous  current  of  fresh  air 
throughout  the  system. 

In  designing  the  drainage  for  a  large  building  it  is  often 
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desirable  to  have  one  system  of  pipes  for  rain-water  and  another 
for  the  foul  matter.  In  some  districts,  two  sewers  are  provided 
by  the  Local  Authorities  for  these  purposes.  When  the  separate 
systems  are  employed,  the  rain-water  may  be  conveyed  into 
storage  tanks,  with  an  overflow  in  case  of  excessive  rain,  and  the 
soft  water  thus  stored  be  used  for  gardening  or  other  purposes, 
or  it  may  be  taken  direct  into  the  rain-water  sewer. 

Frequently  a  separate  rain-water  system  is  laid  down  and 
the  rain-water  conveyed  directly  to  the  sewer.  In  this  case  a 
disconnecting  chamber  should  be  built  similar  to  that  for  the  foul 
drain,  with  a  fresh-air  inlet,  and  the  rain-water  pipe  should  dis- 
charge over  untrapped  gullies,  so  that  a  continuous  current  of 
fresh  air  passes  throughout  the  pipes. 

The  usual  method  of  dealing  with  the  rain-water  of  a  buildino; 
of  the  size  illustrated  is  shown  on 
the  plan.  Where  the  rain-water 
drain  joins  the  foul  drain,  a  rain- 
water intercepter,  as  shown  on 
Fig.  48,  is  fixed.  In  hot  weather 
there  is  a  danger  of  these  inter- 
cepters  becoming  unsealed  by 
evaporation,  and  on  these  occasions 
it  is  always  advisable  to  see  that 
they  are  periodically  charged  with 
water.  It  wiU  be  seen  from  the  illustration  that  an  open  iron 
grid  is  provided,  for  ventilation,  on  the  clear-water  side  of  the 
intercepting  trap  whilst  a  sweeping  arm,  with  air-tight  cover,  is- 
arranged  on  the  side  next  the  foul  drain. 


Fig.  48.    Rain-water  intercepter. 
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SANITARY  FITTINGS. 

THE  water-closets  are  perhaps  the  most  important  fittings  in 
any  building,  and  should  receive  the  greatest  attention  in 
selection.  The  main  features  of  a  good  closet  are :  (1)  that  it 
should  have  a  large  water  area,  so  that  the  sides  of  the  pan  may 
not  become  fouled;  (2)  a  good  water-seal,  at  least  If  inches 
deep ;  (3)  that  the  whole  of  the  contents  of  the  pan  should  be 
discharged  through  the  trap  by  one  flush  of  water  from  a  2 -gallon 
cistern ;  and  (4)  that  the  basin  and  trap  should  be  at  the  same 
time  fully  charged  with  water. 

Innumerable  kinds  of  closets  are  manufactured  by  makers  of 
sanitary  goods.  Some  contain  all  the  above  requirements,  and 
many  only  a  few  of  them.  Of  the  old  closets,  the  "  pan,"  "  long 
hopper,"  "  wash-out,"  and  "  plunger  "  have  practically  disappeared 
from  the  market.  None  of  these  closets  were  self- cleansing, 
and  they  possessed  so  many  sanitary  defects  that  they  are 
never  fixed  in  modern  work. 

The  closets  generally  employed  at  present  are  the  "  wash-down," 
valve,"  and  "  syphonic  "  ;  of  each  of  these  types  the  well-known 
sanitary  engineers  make  many  patterns.  For  the  purpose  of 
illustration  it  is  assumed  that  in  the  residence  shown  in  Figs.  38, 
39,  aud  40  a  syphonic  closet  would  be  fixed  adjoining  the  hat- 
and  cloak-room,  a  wash-down  closet  for  the  servants,  and  a  valve 
closet  on  the  first  floor.  Each  of  these  forms  will  be  illustrated 
and  described,  although  of  course  any  one  type  might  be  used 
throughout  the  building  if  preferred. 

The  syphonic-action  closet  is  one  which  has  been  introduced 
within  the  last  few  years  only.  As  will  be  seen  from  the 
illustration  (Fig.  49),  the  outlet  of  the  basin  is  in  the  form  of  a 
syphon,  so  that  when  the  contents  of  the  pan  are  discharged, 
syphonic  action  is  set  up,  and  the  water  is  syphoned,  or  drawn 
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out,  with  considerable  force.  Most  of  the  London  Water  Companies 
require  that  no  flushing  cistern  shall  be  used  of  a  greater  capacity 
than  2  gallons ;  but  in  dis- 
tricts where  this  regulation 
is  not  in  force,  it  is  always 
desirable  to  fix  cisterns  of 
3  gallons  capacity.  Manu- 
facturers have  been  endeav- 
ouring to  make  fittings 
efficient  with  the  standard 
minimum  amount  of  water, 
and  many  have  succeeded. 
However,  before  selecting 

any  W.C.  fitting,  it  is  desir-  S^^^ion  of  syphonic  closet. 

able  to  ascertain  definitely 

that  this  limited  amount  of  water  will  be  sufficient  to  clear  the 
basin  and  re-charge  it  and  the  trap.  The  syphonic  closet  here 
illustrated  has  a  water  area  of  13  inches  by  9  inches  by  Si- 
inches  deep,  and  the  vitiated  air  between  the  trap  and  the 
closet  pan  is  discharged  into  the  drain  or  by  means  of  a  "  puff " 

pipe  fixed  above  the  trap.  A 
mistake  frequently  made  is 
to  carry  the  puff  pipe  into 
the  soil  pipe  instead  of  taking 
it  through  the  wall  sepa- 
rately. In  the  former  case, 
this  pipe  frequently  acts  as 
a  by-pass  for  foul  air.  Care 
should  also  be  taken  that 
the  pipe  is  fixed  in  such  a 
manner  that  any  paper  or 
solid  matter  does  not  wash 
up  against  it  when  the  trap 
Fig.  50.   Defective  position  of  a  puff  pipe.        emptied  by  a  discharge. 

Fig.  50  shows  a  puff  pipe 
placed  in  the  wrong  position  and  also,  in  dotted  lines,  the  pipe  as 
it  should  be  fixed.  In  the  syphonic  closets  first  introduced,  it 
was  found  that  by  emptying  slop  water  into  the  pan,  syphonic 
action  occurred  and  the  water-seal  in  the  pan  was  thus  rendered 
useless.  But  this  difficulty  has  been  overcome  in  most  of  the 
latest  patterns  of  this  closet,  so  that  the  syphonic  action  only 


52 


NOTES  ON  BUILDING  CONSTRUCTION. 


takes  place  when  the  contents  of  the  cistern  are  discharged.  It 
should  be  noted  that  extreme  care  and  knowledge  are  necessary 
in  fixing  these  closets,  and  whenever  possible  such  work  should 
be  performed  by  the  employes  of  a  sanitary  engineer,  rather  than 
by  the  very  often  unskilled  village  plumber.  It  has  become  a 
saying  amongst  plumbers  that,  at  times,  these  closets  "  take  cold," 
implying  that  they  do  not  act  properly,  usually  from  some  very 
slight  defect.  This  is  generally  found  to  be  occasioned  through 
bad  fixing,  and  is  often  remedied  in  a  few  minutes  by  a  plumber 
who  is  used  to  this  particular  class  of  work. 

"Wash-down  Closets. — The  form  of  closet  now  most  generally 
used  and  perhaps  the  least  complicated  and  best,  is  the  "  wash- 
down."   There  are  innumerable  forms  of  this  closet  manufactured, 


Fig.  51.    Section  of  wash-down  closet. 


and  a  typical  example  is  shown  on  Fig.  51.  In  inferior  types  it 
is  frequently  found  that,  in  order  to  clear  the  pan,  one  flush  of 
water  is  insufficient ;  that  the  water  area  provided  is  too  small,  or 
that  a  large  water  area  is  given,  but  the  pan  fails  to  be  cleansed 
by  one  flush.  In  the  wash-down  class  of  closet,  the  contents  of 
the  pan  are  forced  out  by  the  rush  of  water  instead  of  being 
drawn  out  as  in  the  case  of  the  syphonic.  The  apparatus  requires 
less  delicate  fixing  than  the  syphonic  and  is  less  expensive.  Every 
closet  must  necessarily  be  trapped  at  the  outlet  to  prevent  the 
passage  of  foul  air  into  the  dwelling,  and  also  an  anti-syphonage 
pipe  must  be  provided  to  prevent  the  unsealing  of  the  trap  by 
momentum.  The  fresh-air  inlets  and  exhausts  on  the  soil  pipe  and 
drains  ensure  sufficient  ventilation  on  the  sewer  side  of  the  trap. 

Valve  Closets. — The  really  good  valve  closet  is  a  perfectly 
sanitary  fitting,  but  so  many  cheap  and  inferior  articles  are 
sold,  that  extreme  care  should  be  exercised  in  selection.  A  good 
sample  is  illustrated  by  Figs.  52  and  53.    The  contents  of  the 
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pan  are  discharged  by  momentum,  and  therefore  the  possible 


Fig.  53. 

Plan  and  section  of  a  valve  closet. 


defect  of  syphonic  or  flushing  action  is  avoided.  But  in  this 
form  of  closet  another  difficulty  arises,  namely,  the  possibility  of 
paper  or  other  solid  substances  becoming  fixed  between  the  valve 
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and  the  lower  part  of  the  basin.  In  all  good  types,  however,  this 
is  obviated  by  an  arrangement  of  the  basin  and  the  portion  over 
the  crank  side  of  the  valve  being  made  to  "  sail  over,"  so  as  to 
direct  the  passage  to  the  opposite  side  where  the  opening  into  the 

valve  box  is  wide.     The  valve  closet 
should  have  an  exceptionally  large  water 
area  and  of  ample  depth,  so  that  soiling 
the  sides  of  the  pan  is  impossible.  Very 
frequently  water-closets  are  also  used  for 
the  reception  of  slops  and  also  as  urinals. 
Tor  this  purpose  lifting  seats  are  em- 
ployed, usually  made  of  hard  wood,  such 
as  mahogany  or  oak,  and  a  porcelain  top 
--^      ^       '  L/  is  fixed  between  the  top  of  the  closet 
pan  and  the  seat   in   order  to  avoid 
Fig.  54.   Slop  and  urinal    slopping  or  dripping.     Such  a  top  is 
■  ■  shown  on  Fig.  54,  and  this  arrangement 

should  always  be  adopted  if  the  W.C.  is  to  be  utilised  for  the 
above  purposes. 

In  old  work,  the  W.C.  fitting  was  invariably  enclosed  by  a  seat 
extending  the  whole  length  of  the  W.C.  apartment,  and  with  a 
fixed  wooden  front.  Such  enclosures  are  now  quite  contrary  to 
modern  practice,  as  the  closets  are  usually  fixed  without  enclosures 
of  any  kind,  in  order  that  the  whole  of  the  fitting  and  floor  may 
be  easily  accessible  for  cleaning  purposes.  In  cases,  however, 
where  a  client  desires  to  enclose  the  fitting,  polished  hard  wood 
should  be  employed,  and  the  whole  of  the  enclosure  should  be 
made  with  hinged  doors,  or  easily  removable  fronts,  for  access. 
A  lead  safe  should  be  provided  under  each  closet,  with  an  overflow 
pipe  carried  to  the  open  air  and  a  flap  valve  of  copper  or  brass 
provided  at  the  outer  end. 

Assuming  the  closet  to  be  a  good  one,  it  is  most  important 
that  the  connection  between  the  trap  and  soil  pipe  should  be 
properly  made.  In  the  Public  Health  Act  1891,  various 
methods  of  jointing  are  enumerated,  and,  as  these  are  usually 
adopted,  not  only  in  London,  but  in  the  provinces,  extracts  from 
the  Act  are  here  given : — 

(a)  In  all  cases  where  a  person  connects  a  lead  trap  or  pipe  with  an  iron  soil 
pipe  or  drain,  he  shall  insert  between  such  trap  or  pipe  and  such  soil 
pipe  or  drain  a  brass  thimble,  and  he  shall  connect  such  lead  trap  or 
pipe  with  such  thimble  by  means  of  a  wiped  or  overcast  joint,  and  he 
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shall  connect  such  thimble  with  the  iron  soil  pipe  or  drain  by  means 
of  a  joint  made  with  molten  lead,  properly  caulked.  (This  method  is 
illustrated  by  Fig.  55.) 


Fig.  55.    Joint  between  a  lead  trap  and  iron  soil  pipe. 


It  may  be  noted  that  the  wiped  joint  between  the  thimble 
and  the  lead  trap  should  be  executed  in  plumbers'  solder  com- 
posed of  one  part  of  tin  to  two  parts  of  lead. 

(6)  In  all  cases  where  he  shall  connect  a  stoneware  trap  or  pipe  with  a  lead 
soil  pipe,  he  shall  insert  between  such  stoneware  trap  or  pipe  and  such 
soil  pipe  a  brass  socket  or  other  similar  appliance,  and  he  shall  connect 
such  stoneware  trap  or  pipe  by  inserting  it  into  such  socket,  making 
the  joint  with  Portland  cement,  and  he  shall  connect  such  socket  with 
the  lead  soil  pipe  by  means  of  a  wiped  or  overcast  joint.  (This  method 
is  shown  on  Fig.  56.) 


Fig.  56.    Joint  between  stoneware  trap  and  lead  soil  pipe. 


(c)  In  all  cases  where  he  shall  connect  a  stoneware  trap  or  pipe  with  an  iron 
soil  pipe  or  drain,  he  shall  insert  such  stoneware  trap  or  pipe  into  a 
socket  on  such  iron  soil  pipe  or  drain,  making  the  joint  with  Portland 
cement. 

A  well-known  firm  of  sanitary  engineers  have  patented  a  joint, 
called  the  "  Metallo-keramic  "  joint,  by  which  the  lead  pipe  may 
be  soldered  directly  to  the  earthenware  trap  of  the  closet.  The 
fitting  is  sold  with  a  short  piece  of  pipe  connected  with  the 
out-go.  This  is  fixed  to  the  earthenware  with  a  thin  film  of 
platinum  which  is  fired  to  the  glaze,  and  to  this  is  soldered  the 
connecting  lead  pipe. 

When  a  range  of  closets  exists,  one  over  the  other,  and  the 
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contents  are  discharged  into  the  same  soil  pipe,  an  anti-syphonage 
pipe  is  necessary  in  order  to  prevent  the  closet  traps  being 
emptied  by  syphonage  or  momentum.     The  position  of  this 


in  dotted  lines.  A  case  came  under  the  writer's  notice  where 
the  closet  traps  were  constantly  syphoned  out  although  anti- 
syphonage  pipes  had  been  provided,  and  only  after  careful  ex- 
amination it  was  found  that  the  pipes  had  been  fixed  immediately 
over  the  out-go  of  the  trap,  so  that  they  became  choked  up  with 
paper  and  were  thus  quite  useless. 

Flushing  Cisterns. — The  London  County  Council  have,  in 
Clause  3  of  the  Public  Health  Act  1891,  laid  down  the 
following  rule : — 

Every  person  who  shall  construct  a  water-closet  in  connection  with  a 
building  shall  furnish  such  water-closet  with  a  cistern  of  adequate  capacity 
for  the  purpose  of  flushing,  which  shall  be  separate  and  distinct  from  any 
cistern  used  for  drinking  purposes,  and  shall  be  so  constructed,  fitted,  and 
placed  as  to  admit  of  the  supply  of  water  for  use  in  such  water-closet,  so 
that  there  shall  not  be  any  direct  connection  between  any  service-pipe  upon 
the  premises  and  any  part  of  the  apparatus  of  such  water-closet  other  than 
such  flushing  cistern. 

As  previously  mentioned,  the  London  Water  Companies 
usually  prohibit  a  cistern  of  more  than  2 -gallons  capacity.  A 
large  number  of  flushing  cisterns  are  on  the  market,  but  very 
many  of  them  are  exceedingly  noisy,  and  unpleasantly  advertise 
the  fact  that  the  W.C.  is  in  use.  Several  manufacturers 
claim  that  their  fittings  are  noiseless,  but  really  very  few  of  them 
are  so.  These  cisterns  are  usually  known  as  "water -waste 
preventers  "  on  account  of  the  limited  amount  of  water  which  is 
discharged  each  time  the  chain  is  pulled,  a  second  flush  being 
only  obtainable  after  the  cistern  has  been  refilled.     It  has  been 


Fig.  57.    Incorrect  and  correct  position  of 
anti-syphonage  pipe. 


pipe  is  most  important,  and 
should  be  arranged  as  shown 
in  dotted  lines  on  Fig.  57. 
It  will  be  seen  from  the  illus- 
tration that  when  the  anti- 
syphonage  pipe  is  fixed  im- 
mediately on  the  trap,  in  a 
short  time  after  use,  paper 
and  solid  matter  will  collect 
and  stop  up  the  entrance. 
The  pipe  should  always  be 
fixed  in  the  position  shown 
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found  by  experience  that  usually  a  2 -gallon  flush  is  really  not 
sufficient  for  the  removal  of  matter  from  the  soil  pipe  into  the 
drain,  so  that  wherever  possible  a  3 -gallon  cistern  should  be 
fixed.  A  good  type  of  flush- 
ing cistern  is  illustrated  by 
rig.  58.  When  a  flushing 
cistern  is  arranged  to  supply 
a  valve  closet,  it  must  be  so 
made  for  an  "  after-flush  "  to 
partially  fill  the  closet  when 
the  valve  of  the  pan  has  been 
closed. 

Soil  Pipes. — Soil  pipes  are 
usually  constructed  either  of 
lead  or  iron.  They  should  always  be  taken  up  external  walls,  and 
carried  full  bore  well  above  the  levels  of  roofs  or  dormers  to  act 
as  exhaust  ventilators.  The  London  County  Council's  require- 
ments as  regards  soil  pipes  are  as  follows : — 

Any  person  who  shall  provide  a  soil  pipe  in  connection  with  a  building  to 
be  hereafter  erected  shall  cause  such  soil  pipe  to  be  situated  outside  such 
building,  and  any  person  who  shall  provide  or  construct  or  refit  a  soil  pipe 
in  connection  with  an  existing  building  shall,  whenever  practicable,  cause 
such  soil  pipe  to  be  situated  outside  such  building,  and  in  all  cases  where 
such  soil  pipe  shall  be  situated  within  any  building,  shall  construct  such  soil 
pipe  in  drawn  lead,  or  of  heavy  cast  iron  jointed  with  molten  lead  and 
properly  caulked. 

He  shall  construct  such  soil  pipe  so  that  its  weight  in  proportion  to  its 
length  and  internal  diameter  shall  be  as  follows  : — 


Diameter. 

LmA. 

Weight  per  10  ft.  length. 

Iron. 

Weight  per  6  ft.  length. 

Not  less  than 

Not  less  than 

3J  in. 

65  lbs. 

48  lbs. 

4 

74  „ 

54  „ 

92  „ 

69  „ 

6  „ 

no  „ 

84  „ 

Every  person  who  shall  provide  a  soil  pipe  outside  or  inside  a  building 
shall  cause  such  soil  pipe  to  have  an.  internal  diameter  of  not  less  than  3-^ 
inches,  and  to  be  continued  upwards  without  diminution  of  its  diameter,  and 
(except  where  unavoidable)  without  any  bend  or  angle  being  formed  in  such 
soil  pipe,  to  such  a  height  and  in  such  a  position  as  to  afford  by  means  of 
the  open  end  of  such  soil  pipe  a  safe  outlet  for  foul  air,  and  so  that  such  open 
end  shall  in  all  cases  be  above  the  highest  part  of  the  roof  of  the  building  to 
which  the  soil  pipe  is  attached,  and,  where  practicable,  be  not  less  than  3 
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feet  above  any  window  within  20  feet  measured  in  a  straight  line  from  the 
open  end  of  such  soil  pipe. 

He  shall  furnish  the  open  end  of  such  soil  pipe  with  a  wireguard  covering, 
the  openings  in  the  meshes  of  which  shall  be  equal  to  not  less  than  the  area 
of  the  open  end  of  the  soil  pipe. 

The  joint  between  the  soil  pipe  and  the  drain,  if  the  former  is 
in  lead  and  the  latter  in  iron,  should  be  made  in  a  similar  manner 
to  that  shown  on  Tig.  55.  The  joint  between  a  lead  soil  pipe 
and  earthenware  socketed  drain  is  made  in  a  somewhat  similar 
way  except  that  Portland  cement  is  used  in  place  of  the  lead 
caulking. 

Position  of  Water-Closets  in  a  Building. — This  is  a  most  im- 
portant question  in  planning,  and  the  previously  mentioned 
W.C.  apartment  in  the  centre  of  the  building,  ill -ventilated 
and  ill-lighted,  would  now  happily  be  prohibited.  The  bye-laws 
made  by  the  London  County  Council  and  by  most  of  the  provincial 
Sanitary  Authorities  state  that  at  least  one  wall  of  a  W.C. 
shall  be  an  external  wall,  and  that  it  shall  be  lighted  and 
ventilated  by  a  window  at  least  2  feet  superficial,  opening  on  to 
an  open  space  of  at  least  100  feet  superficial,  and  that  no 
W.C.  may  be  approached  directly  from  any  habitable  room. 
These  requirements  are  supplemented  by  many  others  as  to 
fittings,  joints,  flushing  cisterns,  etc.,  many  of  which  have 
been  previously  enumerated.  As  regards  the  ventilation  of  a 
W.C.  apartment,  it  is  usually  found  sufficient  if  sash  windows 
are^provided,  with  the  upper  sash  kept  continuously  down  a  few 
inches,  or  if  casements  are  provided  with  the  usual  stays  for 
keeping  the  casement  open.  An  excellent  automatic  arrangement 
has,  however,  lately  been  introduced  by  a  leading  firm  of  sanitary 
engineers.  A  small  circular  ventilating  fan  is  fixed  at  the  ceiling 
level,  and  this  is  driven,  by  the  water  used  for  flushing  the  closet, 
on  its  passage  thereto.  About  300  cubic  feet  of  vitiated  air  is 
thus  removed  each  time  the  fitting  is  used,  and  the  motive  power 
is  obtained  free  of  cost. 

In  fitting  up  a  W.C.  the  wall  covering  should  be  of  some 
impervious  material,  such  as  glazed  brick  or  tiles,  and  the  floors 
of  unglazed  tiles  or  mosaic. 

Urinals. — In  a  building  of  the  size  illustrated,  urinals  would 
not  be  required,  as  the  W.C.  apparatus  would  be  used  for 
this  purpose,  and  provided  with  lifting  seats,  or  those  raised  auto- 
matically by  balance  weights.      In  large  buildings,  however, 
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separate  urinals  are  a  necessity,  and  therefore  two  leading  types 
of  these  fittings  are  here  given. 

The  urinals  are,  perhaps,  the  most  difficult  of  all  sanitary  fittings 
to  arrange  quite  satisfactorily,  as,  owing  to  the  chemical  con- 
stituents of  urine,  decomposition  rapidly  occurs,  and  offensive 
odours — principally  ammonia — quickly  result.  The  apartment 
containing  urinals  should  be  amply  ventilated,  and  a  good  flush 


Fig.  59.    Basin  urinal. 


of  water  provided  so  that  fittings  can  be  automatically  cleansed 
at  stated  intervals.  They  are  usually  made  as  "  basin  "  or  "  stall " 
urinals ;  the  former  for  residences,  clubs,  etc.,  and  the  latter  for 
schools,  public  conveniences,  or  other  places  where  they  will  be 
subject  to  hard  wear  and  tear.  A  "  basin  "  urinal  is  illustrated 
on  rig.  5  9,  and  the  "  stall "  pattern  on  Fig.  6o.  The  basin  of  a 
urinal  is  usually  executed  in  porcelain  with  a  flushing  rim,  and 
the  contents  should  discharge  through  a  trap  into  an  open  trapped 
gully  outside.  A  trapped  gully  with  an  open  grid — usually  of 
gun  metal  or  brass — should  be  fixed  under  the  fitting  to  take 
away  surface  water  or  drippings.    This  trap  should  be  connected 
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with  the  outer  gully  trap  and  be  provided  with  a  puff  pipe 
discharging  into  the  open  air.  The  "stall  urinals"  are  usually 
either  circular  or  triangular  in  section,  and  discharge  into  a 
trapped  gully  on  the  foot  of  the  fitting  as  shown.  The  floors  of 
urinals  should  be  invariably  made  of  a  non-absorbent  material, 


Fig.  60.    Plan  and  section  of  stall  urinal. 


such  as  unglazed  tiles  or  mosaic.  An  automatic  flushing  cistern 
is  fixed  over  each  range  of  urinals  so  as  to  discharge  at  intervals. 
The  divisions  of  the  stall  urinals  are  made  of  painted  or  enamelled 
slate  or  marble. 

Lavatories. — These  are  generally  made  of  porcelain,  with  the 
tops  either  of  the  same  material  or  of  polished  marble,  and  should 
be  fitted  with  both  hot  and  cold  supplies.  The  basins  are  either 
fixed  or  rest  on  pivots,  the  latter  being  known  as  "  tip-up  "  basins. 
In  the  latter  case,  the  basin  should  always  be  made  so  that  it  can 
easily  be  lifted  out  for  cleansing  purposes,  as  the  inner  container 
is  likely  to  become  fouled  by  soapy  deposit.     It  is  always 
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advisable  to  leave  the  fitting  entirely  free  from  any  enclosure, 
in  order  that  access  for  repairs  is  rendered  easy,  and  the  whole 
of  the  fitting  can  be  readily  cleansed.  This  can  be  accomplished 
by  supporting  the  lavatory  on  an  open  frame-work  of  hard  wood 
or  on  cast-iron  brackets. 

A  good  form  of  basin  lavatory  is  illustrated  on  Fig.  6 1 ,  and  is 
known  as  the  D  shape.  The  waste  here  shown  is  a  "  stand-up," 
but  an  ordinary  plug  and  washer  may  equally  well  be  used.  The 
stand-up  waste  has  the  advantage  that  no  overflow  pipe  is  neces- 
sary, the  waste  acting  also  in  this  capacity. 


Fig.  61.    D-shaped  lavatory  basin.  Fig.  62.    Tip-up  lavatory. 


Fig.  62  shows  a  "tip-up"  basin  lavatory.  The  outer  basin  is 
supported  on  pivots,  and  in  order  to  empty  the  contents,  the 
basin  is  raised  from  the  front  and  discharges  into  the  inner 
receiver  connected  to  the  waste.  The  trap  under  a  lavatory 
should  be  provided  with  a  brass  screw  cap  for  cleansing,  and  in 
the  case  of  a  range  of  lavatories  the  screw  cap  should  be  so  fixed 
as  to  enable  the  whole  length  of  waste  pipe  to  be  cleaned  out  by 
rods  when  necessary.  Anti- syphon  age  pipes  should  be  fixed  from 
the  drain  side  of  the  trap  and  carried  through  the  outer  wall  with 
a  flap  valve  at  the  end.  Lavatory  wastes  should  always  discharge 
outside  the  building  over  a  trapped  gully  or  into  the  head  of  a 
waste  pipe  properly  ventilated. 

Baths. — These  are  made  of  porcelain,  fireclay,  enamelled  iron, 
zinc,  or  copper.  It  is  not  an  uncommon  arrangement  to 
provide  a  W.C.  apparatus  in  the  bath  apartment,  but  this  should 
never  be  done  on  account  of  the  always  more  or  less  offensive 
odours  emanating  from  such  a  fitting.  Porcelain  baths  are 
practically  indestructible,  and  are  usually  fixed  in  public  establish- 
ments where  they  are  subject  to  rough  usage.  They  have  the 
disadvantage  of  being  very  heavy,  expensive,  and  require  a  large 
volume  of  hot  water  to  heat  the  surface  of  the  bath  before  it  can 
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be  used  by  the  bather.  In  order  to  overcome  this  objection,  a 
patent  bath  has  been  recently  introduced  which  has  a  "  flushing- 
rim."  The  roll  of  the  bath  is  perforated  at  close  intervals,  so 
that  immediately  the  hot  water  is  turned  on,  a  stream  covers  the 
whole  of  the  inner  surface  of  the  bath,  and  this  raises  its  tempera- 
ture and  at  the  same  time  cleanses  the  sides  from  any  germs  or 


Fig.  64.  ^ 
Plan  and  section  of  flushing-rim  bath. 


soapy  deposit  which  may  have  collected  on  the  surface.  This; 
bath  is  illustrated  by  Figs.  63  and  64.    It  is  an  excellent  fitting; 
for  hospitals  (where  an  equable  temperature  is  essential),  work- 
houses, and  other  institutions,  where  the  bather  may  be  either- 
suffering  from  disease  or  be  exceptionally  dirty. 

The  type  of  bath  most  generally  used  in  private  houses  is  5 
made  of  iron  with  the  interior  of  vitreous  enamel,  and  is  generally ' 
known  as  the  Eoman  pattern.    This  bath  needs  no  enclosure,  so 
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that  the  whole  of  the  fitting,  plumbing,  and  floor  under  is  quite 
accessible  for  cleaning  and  repairs. 

In  selecting  a  bath,  the  following  points  should  be  observed : 
(1)  the  material  of  which  the  bath  is  made  should  be  perfectly 
smooth  and  rendered  water-tight ;  (2)  no  corners  or  angles  should 
exist  which  might  collect  dirt  or  soapy  deposit ;  (3)  the  whole 
of  the  fitting  should  be  open  and  easily  accessible  for  cleaning. 
The  water-supply  should  be  separate  and  disconnected  from  the 
drinking-water  cistern.    A  good  form  of  the  Eoman  pattern  bath 


Fig.  65.    Roman  pattern  bath. 


is  illustrated  on  Fig.  65,  showing  the  hot  and  cold  supplies.  It 
will  be  seen  that  a  large  roll  is  provided  at  the  top  of  the  bath ; 
but  this  is  frequently  supplemented  by  an  additional  top  made  in 
hard  wood  (mahogany,  oak,  or  teak),  so  that  the  bather  may  be 
enabled  to  rest,  either  on  entering  or  leaving  the  bath,  on  a 
material  less  cold  than  the  iron  roll. 

The  best  form  of  waste  is  that  of  the  "  standing  "  pattern,  which 
also  acts  as  an  overflow.  A  trap  is  fixed  immediately  under  the 
waste,  and  the  bath  plug  is  raised  by  a  lever  or  knob  which  can 
readily  be  removed  for  cleaning.  As  will  be  seen  from  the 
illustration,  a  lead  safe  with  overflow  is  provided  under  the  bath, 
and  an  anti-syphonage  pipe  from  the  drain  side  of  the  trap  should 
be  supplied. 

In  the  more  expensive  form  of  fittings,  the  bath  is  often 
provided  with  a  copper  or  zinc  hood,  by  which  means  shower, 
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douche,  needle,  sitz,  and  other  baths  can  be  combined  with  the 
ordinary  slipper  bath. 

In  many  old-fashioned  baths  the  water-supply  was  made  to 
enter  through  the  upper  part  of  the  waste  pipe  at  the  bottom  of 
the  bath.  This  was  a  most  objectionable  arrangement,  as  when 
the  clean  water  entered  the  bath  by  this  means,  it  also  conveyed 
the  residue  of  soap  and  dirt  left  by  the  previous  bathers. 


Fig.  66.    Scullery  sink. 


Sinks. — In  a  building  of  the  size  illustrated,  separate  house- 
maids' slop  sinks  are  not  necessary,  as  the  W.C.  apparatus, 
provided  with  a  porcelain  slop  sink  for  the  prevention  of  splash- 
ing, can  be  utilised  for  this  purpose.  It  is  often  advisable, 
however,  in  a  private  house  to  provide  draw-off  taps  for  washing 
purposes,  with  lead  safes  under.  When  such  fittings  are  fixed, 
the  writer  has  found  it  advisable  to  provide  the  smallest  possible 
waste  pipe.  Servants  have  a  regrettable  tendency  to  use  this 
sink  for  the  reception  of  slops,  and  if  the  waste  is  made  very 
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small,  the  time  occupied  in  emptying  a  pail  full  of  slops  is  so 
long  that  they  use  the  W.C.  apparatus  in  preference. 

An  ordinary  scullery  sink  should  have  three  divisions:  one 
made  in  earthenware,  for 
washing  vegetables ;  the 
other  two  in  teak,  lined 
with  copper  or  lead,  and 
fitted  with  combined  stand- 
up  wastes  and  overflow. 
Draining  boards  with  cor- 
rugations, and  made  in 
teak,  should  be  provided 
as  shown  on  Fig.  66.  Cold 
water  supplies  should  be 
provided  for  two  of  these 
divisions,  whilst  a  hot  and 
cold  supply  should  be  fixed 
to  the  third  division,  for 
washing  crockery,  etc.  The 
waste  should  be  properly 
trapped  with  screw  cap  for 
cleaning,  as  shown  on  Fig. 
67.  The  waste  of  any 
sink  from  which  greasy  water  is  discharged  should  always  be 
taken  over  a  grease  trap  as  shown  on  Fig.  68.  When  hot  water 
charged  with  greasy  matter  is  allowed  to  enter  a  drain  over  an 


Fig.  67.    Waste  from  sink. 


Fig.  68.    Grease  trap. 

ordinary  gully,  the  grease  is  apt  to  congeal  and  form  solid  matter, 
which  eventually  causes  the  drain  to  be  stopped  up.  In  hotels 
and  other  establishments  where  a  large  quantity  of  greasy  water 
is  discharged  from  the  sinks,  an  automatic  flushing  tank  is  fixed 
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at  the  head  of  the  drain,  which  discharges,  say,  30  gallons  of 
water  at  short  intervals.  By  this  means  any  grease  which  might 
cool  and  congeal  is  washed  away  into  the  drains  before  it  has  had 
time  to  adhere  to  the  pipes  and  cause  any  stoppage.  The  grease 
trap  illustrated  is  made  with  a  receiver,  at  the  bottom  of  which  a 
tray  is  provided  which  can  be  lifted  out  and  cleaned,  so  that  the 
solid  matter  which  has  accumulated  can  be  readily  removed. 

Rain-Water. — As  before  mentioned,  the  rain-water  system  is 
sometimes  kept  separate  and  distinct  from  the  soil  or  foul  drains, 
but  this  arrangement  is  seldom  practicable  in  London,  as  the  rain- 
water becomes  so  contaminated  by  soot  and  other  impurities  that 
a  system  of  filtration  would  be  necessary  to  render  the  water  fit 
for  use  In  a  system  of  drainage  applied  to  a  London  house,  it 
is  often  advisable,  however,  to  keep  the  least  possible  portion  of 
the  drainage  subject  to  the  discharge  of  foul  matter.  Whenever, 
therefore,  the  principal  portion  of  any  system  is  to  receive  rain- 
water only,  a  rain-water  intercepter  should  be  fixed  at  the  lowest 


point.  This  intercepter  is  trapped 
on  the  sewer  side,  and  has  an  open 


grating  admitting  fresh  air ;  there- 
fore the  drains  beyond  it  contain  no 
sewer  gas.  Where  a  rain-water 
intercepter  is  fixed,  it  is  therefore 
unnecessary  to  discharge  the  rain- 
water pipes  over  trapped  guUeys.  A 
Fig.  69.   Eain-water  gulley  with  good  form  of  rain -water  intercepter 

sweeping  arm.  ^^^^^         j,.^^  ^^^^^ 

ever,  rain-water  drains  are  taken  into  the  foul  drains,  it  is 
necessary  that  they  should  discharge  into  trapped  gulleys  as 
shown  on  Fig.  69,  which  are  very  similar  in  construction  to  the 
rain-water  intercepter. 

Eain-water  pipes  are  made  in  cast  iron  or  lead,  and  may  be 
either  square  or  circular  in  section,  the  latter  being  the  better,  as 
no  angles  are  provided  for  deposit  or  corrosion.  The  outlets  from 
the  gutters  discharge  into  open  rain-waterheads  at  the  top  of  the 
down  pipes.  Innumerable  patterns  are  manufactured,  many  (of 
excellent  design.  Eain-water  pipes  should  never  be  fixed  so  as 
to  touch  the  walls,  but  kept  some  2  or  3  inches  away  from  them 
in  order  to  allow  for  repairs  and  painting.  Lead  rain-water  pipes 
are  joined  by  a  wiped  joint,  and  the  iron  pipes  by  the  spigot  enid 
being  inserted  into  a  corresponding  socket  and  the  joint  made 
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with  molten  lead.  Lead  down  pipes  are  fixed  to  the  walls  by 
lead  tacks  soldered  on  to  the  pipes,  and  iron  pipes  by  specially 
made  cast-iron  tacks.  These  are  either  made  quite  plain  or 
ornamental,  and  many  stock  patterns  of  good  design  may  be 
obtained. 


Chapter  V. 


JOINERY. 

General  Remarks.— The  joiner's  work  is  distinguished  from 
that  of  the  carpenter,  as  being  necessary,  not  for  the  stabihty  of 
the  building,  but  for  its  comfort  as  a  habitation. 

It  includes  making  and  fixing  the  doors,  frames,  sashes,  and 
shutters,  also  wooden  stairs,  Hnings  of  all  kinds,  architraves,  skirt-  - 
ings,^  and  floor  boards. 

These  are  all  prepared  in  the  workshop.  A  great  deal  at  the  3 
present  time 'is  done  by  machinery,  and  the  work  of  the  joiner  is  3 
daily  becoming  more  confined  to  fixing  only. 

As  the  joiner's  work  is  generally  seen  from  a  short  distance,  itt 
must  be  fitted  with  care  and  exactness,  and  requires  greater  neat-- 
ness  and  smoothness  of  finish  than  carpenters'  work. 

The  thorough  seasoning  of  the  wood  for  joiners'  work  is  of  thee 
first  importance.  Some  particulars  connected  with  the  selectiona 
of  timber  for  this  purpose  are  given  in  the  chapter  on  Timberx, 

Part  III.  ^  ,  , 

All  framing  should  be  fitted  and  put  together,  and  left  as  longg 
as  possible,  before  it  is  glued  or  wedged  up,  which  should  boe 
done,  if  practicable,  in  summer  when  the  wood  is  most  dry. 

Large  pieces  of  timber  should  never  be  used  in  joinery. 

The  interior  of  all  joints  for  outside  work  should  be  painted  oveier 
with  white  lead  ground  in  linseed  oil ;  those  for  inside  work  gluedd. 

Joiners'  work  is  generally  put  together  with  the  aid  of  fa 
cramp ;  great  care  should,  however,  be  taken  in  cramping  amd 
wedging  up  to  prevent  a  strain  upon  the  woodwork,  which  wouldd 
lead  eventually  to  cracking  and  distortion. 

Beadings.— These  are  adopted  generaUy  for  ornament,  or  inn 
order  that  the  opening  of  a  joint  caused  by  shrinkage  may  boe 
bidden  in  the  shadow  cast  by  the  projection  of  the  bead. 

1  The  consideration  of  linings,  skirtings,  architraves,  and  the  grounds  to  whicich 
they  are  fixed,  does  not  come  within  the  limits  of  this  chapter.  Some  of  these  artre, 
however,  shown  in  a  few  of  the  figures  to  make  them  more  complete,  and  to  sa>ave 
repeated  illustrations  when  they  are  described  in  Chapter  VI. 
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Beads  are  narrow,  convex,  plain  mouldings ;  ^  in  section  gener- 
aklly  parts  of  a  circle. 

When  the  bead  is  formed  upon  a  board,  in  the  substance  of 
tithe  wood  itself,  its  upper  surface  being  flush,  or  nearly  so,  with 
tlthat  of  the  board,  it  is  said  to  be  "stuck"  (see  Figs.  71,  72, 
aand  73). 

If  the  bead  is  formed  in  a  separate  strip,  and  nailed  or  bradded^ 
tcto  the  board,  it  is  described  as  "  laid  in "  or 
"  ' planted"  (see  Fig.  74). 

A  Nosing  or  Rounded  Edge  is  formed  by 
rcrounding  the  edge  of  a  piece  of  stuff,  as  shown  in 
FFig.  70.     It  is  frequently  used  for  finishing  off  the  edge  of  a 
pprojecting  board,  such  as  the  tread  of  a  step,  a  window  board,  etc. 


Fig.  71. 


Fig.  72. 


Fig.  73. 


Fig.  74. 


Quirked  Bead. — In  Fig.  7 1  the  circular  portion  is  the  section 
o.of  the  bead,  and  the  indentation  at  the  side  is  called  a  "  quirk." 

A  DouUe-quirked  Bead  is  one  with  a  quirk  on  each  side,  as  in 
FFig.  72.  It  is  also  known  as  a  Flush  Bead,  because  it  is  flush 
wwith  the  surface  of  the  wood. 

A  Staff  or  Angle  Bead  is  a  double-quirked  bead,  formed  upon  an 
aangle,  as  shown  in  Fig.  73.     It  is  sometimes  called  a  Return  Bead. 

A  Cocked  Bead  is  one  which  projects  above  the  surface  of  the 
b<board.  In  order  to  avoid  reducing  the  whole  surface  of  the 
b6oard,  the  bead  may  be  made  in  a  separate  strip,  and  planted 
ujipon  it,  or  laid  in  a  shallow  groove,  as  in  Fig.  74. 

A  Cocked  Bead  and  Fillet  consists  of  a  bead  resting  upon  a  flat 
sfetrip  or  fillet  slightly  wider  than  itself,  and  planted  on  to  the 
suurface  of  the  board,  as  in  Fig.  117. 

Reeding  consists  of  parallel  beads  placed  close  together  (see 
78). 

The  Torus  is  a  very  large  bead,  surmounted  by  a  flat  strip  or 

^  Mouldings,  technically  so  called,  do  not  fall  within  tlie  limits  of  this  chapter, 
burnt  are  described  in  Chapter  VI. 

2  A  hrad  is  a  particular  form  of  nail,  and  is  described  in  Part  III. 


Fig.  75. 
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"fillet,"  as  shown  in  Fig.  75,  also  on  a  small  scale  on  the  upper 
edge  of  the  sl?irting  {Sk)  in  Fig.  137. 

The  torus  is  generally  considered  as  a  moulding, 
and  is  placed  under  that  head  in  Chapter  VI. 

The  distinction  between  a  torus  and  a  bead  is 
that  the  former  is  always  surmounted  by  a  fillet. 

The  above-mentioned  are  the  most  simple  beads 
in  common  use.  There  are  several  combinations 
of  these,  which  cannot  be  further  considered  in  this 
course. 

The  different  positions  in  which  beads  are  used  are  referred  to 
farther  on. 

Shooting  is  simply  making  the  edge  6f  a  board  straight  and 
smooth  by  planing  off  a  shaving.  A  board  is  said  to  have  its, 
"  edges  shot "  when  both  edges  have  been  made  smooth  and  true; 
with  a  plane. 

Rebating  has  already  been  described  in  Part  I. 

Chamfering  is  taking  off  the  "  arris  "  or  sharp  edge,  so  as  to) 
form  a  flat  narrow  surface  down  an  angle,  as  shown  on  the  style; 
of  the  door,  Fig.  76.  This  is  frequently  done  for  ornament,, 
and  also  to  render  the  angle  less  liable  to  injury. 

Chamfer    b  A  T  TENS 


"Style  Chamfer 


Fig.  76. 


Chamfers  are  also  often  used  for  the  same  purpose  as  beads,, 
especially  on  the  edges  of  boards  forming  a  close  joint,  so  as  nott 
only  to  form  an  ornament,  but  also  to  hide  the  opening  causedl 
by  shrinkage.  An  example  of  a  chamfer  thus  applied  is  showm 
in  the  plan  of  the  door.  Fig.  76,  between  the  style  and  thea 
battens. 

V- Joint  is  the  angle  formed  by  the  meeting  of  chamfers  on  two^ 
adjacent  edges,  as  in  the  boarding  of  the  door  above  referred  toy. 
Fig.  76. 

Stop  Chamfer  is  one  in  which  the  chamfer  is  not  carried  toD 
the  extremity  of  the  arris,  but  stopped  and  sloped,  or  curved  up) 
at  the  end  till  it  dies  away  again  into  the  square  angle.  Examples? 
of  this  are  seen  in  the  framing  of  the  door.  Fig.  91,  where  the3 
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cihamfers  are  stopped  about  an  inch  short  of  the  extremities  of 
t:he  rails  and  braces. 


JOINTS. 

When  large  surfaces  have  to  be  covered  with  boarding,  the 
pieces  should  be  as  narrow  as  possible,  in  order  that  the  shrinkage 
im  each,  and  the  consequent  opening  of  the  joints,  may  be  reduced 
tco  a  minimum. 

Such  shrinkage,  however,  there  will  inevitably  be,  and  several 
airrangements  are  adopted  for  preventing  cold  air,  dust,  etc.,  from 
ppenetrating  through  the  opening  thus  made  between  the  boards, 
ailso  in  order  to  prevent  the  shrinkage  from  injuring  the  appear- 
amce  of  the  joints;  and  further,  to  counteract  the  tendency  of 
am  ill-seasoned  board  to  warp,^  twist,  and  raise  its  edges  above 
tihe  general  plane  of  the  surface. 

Several  joints  of  this  nature  have  already  been  described  in  the 
s^ection  on  Floors  (see  Part  I.) 

Plain  or  Butt  Joints  are  explained  and  figured  at  p.  133, 
IPart  I.  The  opening  caused  by  the  shrinkage  of  such  a  joint  is, 
ODf  course,  very  apparent ;  and  there  is  nothing  to  prevent  a  board 
firom  twisting  its  edges  above  the  surface. 

Dowelled  Joint  is  shown  in  Fig.  307,  Part  I.  The  shrinkage 
im  this  joint  is  visible,  and  causes  an  opening,  but  the  dowels 
kceep  the  surfaces  of  the  boards  in  a  true  plane. 

Grooved  and  Tongued  Joint  is  explained  and  figured  at  p. 
1134,  Part  I. 

Match  Boarding  consists  of  boards  put  together  with  the  last- 
nnentioned  joint,  one  edge  of  each  board  being  beaded,  as  in  Fig. 
778.  It  is  so  called  because  the  groove  is  formed  with  one 
pjlane  and  the  tongue  with  another  to  match  or  correspond,  so  as 
tco  fit  the  groove. 

Plough  Grooving  is  so  called  because  the  groove  is  formed 
with  a  peculiar  plane  called  a  "  plough." 

Cross  Grooving  is  the  same  as  the  above,  but  that  the  groove 
i£S  cut  across  the  grain  of  the  wood. 

Slip  Feathers  are  detached  tongues  or  strips  of  iron  or  of  hard 
wood  cut  across  the  grain  for  strength ;  in  using  them  both 

^  Sc.  for  warped  is  Thrawn. 
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boards  have  to  be  grooved  and  the  tongue  inserted,  as  shown  in 
Fig.  305,  Part  I.  Tongues  are  generally  of  hoop  iron,  and  slip 
feathers  of  wood  cut  across  the  grain. 

If  a  slip  feather  is  cut  with  the  grain — that  is,  if  the  grain 
runs  parallel  to  the  length  of  the  slip — and  it  is  glued  tight 
into  the  grooves,  it  is  very  liable  to  split  longitudinally  when 
the  boards  it  unites  commence  to  shrink.  This  cannot  happen 
with  a  cross  tongue — that  is  one  cut  across  the  grain. 

Ploughed  and  Tongued — Geooved  and  Featheeed — are  terms 
applied  to  boarding  prepared  with  tongues  or  slip  feathers. 

Dovetailed  Slip  Feathers  are  of  a  double  dovetail  shape  in 
section  (see  Fig.  77).  and  must  of  course  y//////xy>^m^J/lll))j'j 
be  pushed  into  position  endways  from  /^j)^^^;^;^^^^^^^^ 
the  extremity  of  the  boards.    They  are  ^.^ 
very  seldom  used. 

Rebated  Joints. — Eebated  and  Filleted  Joints,  and  Fillis- 
TEEED  Joints,  are  all  described  at  pages  133,  134,  Part  I.,  in 
connection  with  floor  boards,  for  which  they  are  most  adapted. 

In  all  the  above  (except  the  dowelled  and  butt  joints)  it  will  l 
be  seen  that  any  opening  caused  by  shrinkage  of  the  boards  will  . 
be  covered  by  the  tongue,  feather,  or  fillet,  or  (in  the  case  of  the  \ 
rebated,  and  of  the  fiUistered  joint)  by  the  projection  below  of  the  ; 
adjacent  board. 

In  each  of  the  joints  illustrated  in  Figs.  302,  303,  306,  Part  b 
I.,  part  of  the  width  of  the  board  itself  is  taken  up  in  forming  the  3 
joint,  so  that  a  greater  quantity  of  boarding  is  required  to  cover  r 
a  given  surface  than  if  joints  with  detached  tongues,  fillets,  or  r 
dowels  are  used,  as  in  Figs.  304,  305,  307  of  Part  I. 

There  are  several  elaborate  forms  of  joint,  consisting  of  double  3 
grooves  and  tongues  of  different  lengths,  combinations  of  the  above, 
but  they  are  too  complicated  for  use  in  practice. 

Beaded  Joints. — It  has  been  said  above  that  a  certain  amount  t 
of  shrinking  in  the  boards  of  ordinary  work  is  inevitable. 

The  actual  passage  of  air  and  dust  through  the  openings  thus  s 
formed  may  be  prevented  by  the  various  forms  of  tongued,  i, 
feathered,  and  similar  joints,  already  described  ;  but  in  many  posi-  - 
tions,  such  as  in  linings  of  walls,  in  doors,  etc.,  the  unsightly y 
appearance  presented  by  the  gaping  joints  between  the  boards  s 
would  be  objectionable. 

In  such  cases,  to  hide  the  openings  caused  by  shrinkage,  a  a 
quirked  bead  is  "  stuck  "  upon  one  angle  of  each  board,  in  order.r 
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that  the  opening  of  the  joint  may  he  hidden  in  its  shadow,  or 
look  merely  like  another  quirk  on  the  opposite  side. 


rig.  78  shows  the  bead  as  applied 
to  a  grooved  and  tongued  joint  or  match- 
hoarding  ;  it  may  be  used  in  the  same 


^^g-  way  for  rebated  or  plain  butt  joints. 

Dovetail  Joints  are  chiefly  used  to  connect  boards  meeting  at 
an  angle. 


Fig.  79. 


Common  Dovetail  Joint. — In  this  the  edge  of  each  board  is 
cut  into  a  series  of  alternate  projections  and  indentations,  known 
as  the  "  pins  "  and  "  sockets,"  which  fit  one  another  and  form  the 
joint.   In  Fig.  79  the  pins  are  formed  upon  A  and  the  sockets  on  B. 

The  ends  of  the  projections  or  dovetails  show  on  each  side  of 
the  angle  formed  by  the  boards  when  they  are  put  together. 

In  some  cases  the  spaces  between  the  pins  are  only  equal  in  size  to 
the  pins  themselves,  as  shown  in  Fig.  79.  This  makes  the  strongest 
joint,  but  very  frequently  the  pins  are  placed  much  farther  apart. 

The  angle  or  bevel  of  the  sides  of  the  dovetail  should  vary  accord- 
ing to  the  nature  of  the  wood  in  which  it  is  formed.  A  dovetail  in 
hard  wood  should  have  more  splay  or  bevel  than  one  in  soft  wood. 

The  common  dovetail  is  chiefly  used  for  the  angles  of  drawers 
and  superior  boxes,  where  they  are  generally  not  seen,  but  it  is 
also  occasionally  adopted  in  building  for  securing  the  angles  of 
skirtings,  and  for  casings  of  a  superior  description. 

Mitred,  or  Secret,  Dovetails  and  Lap  Dovetails  are  modifi- 
cations of  the  above,  used  chiefly  by  cabinetmakers ;  they  will  be 
described  in  Chapter  VI. 

Mortise  and  Tenon  Joints,  used  for  framing  in  joiners'  work, 
resemble  those  in  carpentry,  but  are  much  smaller,  and  require  to 
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be  made  with  greater  care  and  exactness,  so  that  they  may  fit 
smoothly  in  all  their  parts. 

The  thickness  of  the  tenon  varies  from  ^  to  ^  ol  that  of  the 
framing,  care  being  taken  to  leave  sufficient  substance  in  the 
cheeks  of  the  mortise.  The  width  of  the  tenon  should  not  be 
more  than  5  times  its  thickness,  or  it  will  be  liable  to  bend. 

Haunching  a  tenon  is  the  cutting  away  a  part  of  it,  so  as  to 
leave  a  piece  {h,  projecting  to  a  distance  of  only  ^  inch  or  1  inch) 
between  it  and  the  outer  edge  of  the  rail  on  which  it  is  formed. 
This  haunch  gives  the  tenon  great  lateral  strength,  and  saves  cut- 
ting so  large  a  mortise  hole.  The  haunch  and  the  mortise  to  receive 
it  may  extend  to  the  outer  edge  of  the  pieces  framed  together. 


Fig.  80 


Examples  of  haunching  are  shown  in  the  rails  of  the  door, 
Figs.  104,  108. 


Fig.  81. 

Double  Tenons  are  formed  on  very  wide  rails  in  framing. 
They  prevent  the  rail  from  twisting,  do  not  shrink  so  much  as  a 
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single  wide  tenon^  and  do  not  require  so  large  a  mortise,  which 
latter  tends  to  weaken  the  framing  in  which  it  is  formed.  As 
the  wood  between  the  roots  of  the  tenons  shrinks  more  across  the 
grain  than  the  wood  between  the  mortises  does  with  the  grain, 
the  result  often  is  to  split  the  rail.  The  space  between  the  tenons 
is  haunched,  as  will  be  seen  in  Fig.  8i  by  examining  the 
mortise. 

An  example  of  such  haunching  is  also  shown  in  the  lock  rail 
of  the  doors,  Figs.  104,  108. 

Occasionally  two  tenons  side  by  side  in  the  thickness  of  the 
framing  are  advisable,  as,  for  example,  in  the  lock  rail  of  a  thick 
door,  to  receive  a  mortise  lock  (see  M,  Fig.  104);  but  where  a 
single  tenon  with  cross  tongues  can  be  used,  it  is  stronger  and 
more  easily  fitted. 

Stump  Tenons  or  Stub  Tenons  are  required  if  the  frame  be 
very  thick  as  well  as  wide.  They  are  tongues  or  projections  left 
in  the  wood  on  each  side  of  the  tenon. 

Slip  feathers  or  cross  tongues  inserted  in  ploughed  grooves  are 
frequently  used  for  the  same  purpose,  as  shown  at  xx  in  Fig.  81. 

Housing  consists  in  letting  the 
whole  end  of  one  piece  of  timber 
for  a  short  distance  into  another 
(see  Part  I.).  The  recess  formed 
in  one  piece  to  receive  the  end  of 
the  other  piece  is  called  the  housing, 
and  one  piece  is  said  to  be  housed 
into  the  other.  Fig.  8  2  shows  the 
housings  formed  in  the  string  board 
of  a  stair  to  receive  the  ends  of  the  steps  which  are  housed  into  it. 
(See  Chapter  VII.) 

Mitred  Joint. — When  two  pieces  of  wood  have  to  be  joined  at 
an  angle,  the  joint  if  not  too  long  may  be  mitred  as  in  Fig.  83, 
that  is,  the  two  pieces  are  cut  to  a  level  so  that  the  plane  of  the 
joint  bisects  the  angle.    This  is  called  the  "  mitre." 


(wIV 


Fig.  83.  Fig.  84. 

This  joint  depends  entirely  upon  the  glue  unless  strengthened 
by  a  slip  feather  dotted  in  Fig.  83. 
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Fig.  84  is  a  modification  of  this  joint  which  can  be  nailed  both 
ways  and  is  good  for  exterior  angles.  Other  modifications  are 
shown  in  Chapter  VI. 

Scribing  is  cutting  the  edge  of  a  board  to  fit  an  irregular  sur- 
face;  thus  the  skirting  in  Fig.  137,  if  not  tongued  into  the  floor 
(as  shown),  would  be  scribed  at  the  bottom  to  fit  the  boards 
supposing  they  were  uneven. 

FEAMING. 

Frames  in  joinery  consist  of  narrow  pieces  of  wood  connected 
by  mortise  and  tenon  joints,  and  grooved  on  the  inside  to  receive 
boards,  which  fill  up  the  openings  in  the  framing.^ 

In  every  frame  the  vertical  pieces  are  called  "  styles  "  ^  (S  S,  Fig. 
85),  the  horizontal  pieces  rails  (E  E).  These  constitute  the  fram- 
ing itself,  and  in  the  example  shown  are  filled  in  with  panels  (P  P). 
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Fig.  85. 


The  pieces  of  wood  forming  a  frame  should  be  narrow,  so  as  to 
be  affected  as  little  as  possible  by  shrinking  under  atmospheric 
influence. 

The  inner  edges  of  the  styles  and  rails  are  grooved  to  the 
depth  of  about  \  inch  to  receive  the  panels,  which  should  fit  so 
tightly  as  not  to  rattle,  and  yet  should  be  free  to  contract. 

Panelling. — General  Beniarks. — The  boarding  which  fills  in 
each  opening  of  any  piece  of  framing  is  called  a  panel. 

Boards,  except  of  American  pine,  can  seldom  be  obtained  of  sufficient 
width  to  form  panels  in  one  piece,  on  account  of  shakes  and  other  defects, 

A  joint  down  the  panel  is  therefore  generally  necessary  ;  this  should,  if 
the  stuff  is  thick  enough,  be  ploughed,  and  a  slip  feather  be  glued  into  it, 
which  keeps  the  surface  of  the  panel  in  a  true  plane  and  holds  the  joint 
together,  so  that  when  the  panel  shrinks  it  comes  slightly  away  from  the 
grooves  in  the  styles,  as  it  is  intended  to  do. 

The  pieces  thus  used  to  form  panels  should  be  reversed  alternately,  so  that 
the  grain  may  run  in  opposite  directions. 


^  Sc.  for  Framed  is  Bound. 


^  Known  also  as  Muntins, 
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A  piece  of  strong  canvas  glued  over  the  back  of  a  panel  will  assist  in 
keeping  it  together. 

There  are  several  forms  of  panels,  known  by  technical  names, 
depending  upon  the  manner  in  which  they  are  respectively  con- 
structed and  ornamented. 

The  different  kinds  of  panels  now  to  be  described  are  illus- 
trated in  Figs.  93  to  103,  and  in  Plate  I.  These  figures  are 
elevations  and  sections  of  doors,  but  the  same  constructions  are 
used  for  panelling  of  all  descriptions. 

Squaee  and  Elat  Panels  ^  are  those  in  which  the  boards  are 
of  the  same  thickness  throughout,  thinner  than  the  frame,  sunk 
square  below  its  surface,  and  not  ornamented  by  beads  or  mould- 
ings.^ The  panels  marked  A  and  B  in  Figs.  93  and  97  are 
"  square  and  flat "  ^  or  "  square  "  on  both  sides. 

Moulded  and  Flat,^  or  Squake  and  Flat  and  Moulded,  or 
Moulded  and  Square. — When  the  edge  of  the  panel,  close  to 
the  framing,  is  ornamented  by  a  moulding  either  "  planted "  or 
"  stuck "  on  to  the  inner  edge  of  the  frame,  it  is  designated  as 
"  moulded,"  or  "  moulded  and  flat."  ^  Panel  F,  Fig.  i  o  i ,  is 
moulded  on  both  sides,  and  panel  E  moulded  in  front  only. 

Flush  Panels  have  their  surface  "  flush,"  or  in  the  same  plane 
with  the  surface  of  the  frame.  A  panel  may  be  flush  on  one  or 
both  sides. 

In  nearly  all  forms  of  flush  panelling  the  edges  of  either  the 
frame  or  panel  are  ornamented  by  a  bead,  chamfer,  groove,  or 
moulding,  to  cast  a  shadow  and  conceal  the  shrinkage. 

If  required  to  be  flush  on  both  sides,  the  back  is  generally  filled 
in  with  a  separate  solid  piece,  or  with  diagonal  battens  crossing 
their  grain  with  that  of  the  front  panel. 

D,  Fig.  98,  is  a  panel  flush  on  both  sides,  while  C  is  flush  in 
front  only. 

Solid  Panels  are  those  in  which  the  panel  is  in  one  piece,  of 
the  same  thickness  as  the  frame,  and  flush  on  both  sides  with  its 
surface,  like  panel  D,  Fig.  98. 

Bead-flush  panels  have  a  bead  all  round  close  to  the  inner 
edge  of  the  framing,  as  shown  in  the  panels  I  K,  Fig.  96. 

1  Mouldings  form  part  of  advanced  joinery,  and  are  more  fully  described  in 
Chapter  VI. 

^  The  words  "and  flat"  (originally  used  to  prevent  the  panel  from  being  roughly 
bevelled  off  toward  the  edges  to  fit  the  groove)  are  now  generally  omitted,  and  a 
panel  is  described  as  "framed  square"  or  "moulded,"  it  being  understood  that  the 
surface  is  flat  and  the  panel  of  equal  thickness  throughout. 
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The  bead  in  this  case  is  sometimes  "  stuck  "  on  the  styles  and 
rails,  as  shown  in  Figs.  114,  115. 

If  the  framing  is  thin  and  the  quirk  of  the  bead  deep,  it  cuts 
nearly  through  to  the  groove  and  is  a  source  of  weakness,  so 
much  so,  that  the  swelling  of  the  panel  sometimes  presses  the 
bead  off;  moreover,  when  the  framing  shrinks,  the  mitred  angle 
of  the  bead  (at  the  corners  of  the  panel)  opens,  and  sticking  the 
bead  on  the  framing  itself  entails  extra  trouble  in  putting  it 
together. 

In  modern  practice,  however,  the  vertical  beads  are  generally 
"  stuck "  (with  the  grain)  on  the  panels,  and  as  the  horizontal 
beads  cannot  easily  be  formed  across  the  grain,  sunk  rebates  are 
cut  for  them  on  the  panels  close  to  the  edges  of  the  rails,  and 
beads  on  separate  strips  bradded  into  the  groove  thus  formed. 
Sometimes  these  strips  become  curved  when  the  panel  shrinks, 
and  .are  apt  to  fall  out ;  and  as  they  shrink  less  in  length  (along 
the  grain)  than  the  panel  does  in  width  (across  the  grain)  they 
cause  it  to  split;  however,  as  this  plan  is  more  economical  than 
the  other,  it  is  commonly  adopted. 

The  detached  bead  just  described  is  illustrated  in  Fig.  103, 
which  is  an  enlarged  vertical  section  of  the  lower  part  of  the  lock 
rail  and  upper  part  of  the  bottom  panels  of  Fig.  96.  The  hori- 
zontal section  of  a  bead-flush  panel  formed  in  this  way  is  similar 
to  that  of  bead-butt  shown  in  Fig.  98, 

Bead-butt  panel  is  a  modification  of  the  last,  used  chiefly  in 
inferior  work. 

In  this  case  the  beads  are  formed  only  along  the  sides  of  the 
panel,  with  the  grain  of  the  wood,  and  always  "  stuck "  on  the 
panel  itself,  as  shown  in  elevation  in  Fig.  93,  and  in  plan  in 
Fig.  98,  the  panels  being  marked  CD  in  both  figures. 

Eeed-flush  panel  is  one  covered  with  parallel  semi-cylindrical 
beads,  close  together,  either  "stuck"  in  the  substance  of  the  panel, 
if  they  run  with  the  grain,  or  "  planted  "  on  if  they  run  across 
the  grain. 

Gkooved  Panel. — In  this  a  groove  is  formed  around  the  out- 
side edge  of  the  panel,  close  to  the  framing,  causing  a  dark  shadow 
which  answers  the  same  purpose  as  a  bead. 

Chamfeked  (or  V-jointed)  Panel  is  ornamented  by  chamfers 
run  down  the  edges  of  the  framing  and  of  the  panel,  as  shown 
in  the  back  of  the  panel  marked  D  in  Fig.  98  (see  also  Fig. 
76). 
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Eaised  Panel  ^  has  the  surface  nearly  flush  with  the  frame  in 
the  centre,  but  recessed  back  at  the  sides  where  it  meets  the  frame. 

The  rising  of  the  panel  may  either  be  left  square,  as  at  H,  or 
enriched  by  a  moulding,  as  in  panel  G,  Fig.  102.  See  also  Pigs. 
105,  108,  113,  and  124. 

The  frame  also  is  frequently  ornamented  with  mouldings,  either 
"stuck,"  as  in  Pig.  124,  or  planted  on,  as  in  Figs.  102,  117. 

Panelling  is  often  enriched  with  mouldings  of  different  de- 
scriptions ;  these  are  either  "  stuck  "  on  the  frame,  or  more  fre- 
quently laid  or  "  planted "  in  in  strips  bradded  on  to  its  inner 
side. 

Sometimes,  especially  in  doors,  the  panelling  is  intended  to 
have  a  better  appearance  on  one  side  than  the  other.  It  is  then 
formed  differently  on  the  two  sides,  and  named  accordingly. 

For  example,  in  Fig.  1 01,  the  panel  E  is  "moulded  in  front 
with  square  back." 

The  panel  F  is  "  moulded  on  both  sides." 

In  Fig.  98,  panel  D  has  a  "bead-flush  front,  with  chamfered 
and  flush  back." 

Panel  G,  Fig.  102,  is  a  "moulded  and  raised  panel  with 
moulded  rising  on  both  sides  " ;  while  H  is  a  "  raised  panel  with 
square  rising  in  front,  and  square  back." 

Bolection  Mouldings. — Large  doors  are  frequently  finished 
with  Bolection  Mouldings,  which  project  beyond  the  framing  as  in 
the  lowest  panel  of  Fig.  118,  Plate  II.  See  also  panel  F 
Plate  I. 

DOOES. 

Internal  doors  should  be  at  least  2  feet  9  inches  wide,  and  6 
feet  6  inches  high.    A  usual  opening  is  3  feet,  or  3  feet  6  inches. 

A  common  rule,  for  proportioning  the  size  of  doors  is  to  add  4  feet 
to  the  width  to  obtain  the  height.  Thus  a  door  2  feet  9  inches 
would  be  6  feet  9  inches  high.  Very  large  rooms  are  sometimes 
connected  or  thrown  into  one  by  doors  8  feet  or  more  in  width, 
and  8  feet  to  10  feet  high. 

Vitrmius  gives  as  a  rule  for  internal  doors  that  their  height,  to  give  the 
best  architectural  effect,  should  be  |-  that  of  the  room. 

Entrance  doors  vary  in  width  from  3  feet  to  5  feet. 
When  a  door  is  more  than  3  feet  6  inches  wide  it  should  as  a 
rule  be  hung  in  two  halves  ("  hung  folding  "),  by  which  arrange- 

*  Sc.  Fielded  panel. 
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ment  it  requires  less  space  into  which  to  open,  and  the  leaves  are 
lighter. 

Doors  should,  as  a  rule,  open  inwards  from  a  person  entering 
the  room,  and  they  should  be  so  placed  as  to  conceal  as  much  as 
possible  of  the  room  when  they  are  partly  open. 

Doors  are  described  as  right  or  left  handed  according  to  the  direction  in 
which  they  open.  A  door  which  opens  inward  towards  the  right,  as  in  Fig. 
89,  is  called  a  "right-handed"  door,  while  one  opening  inwards  towards 
the  left,  as  in  Fig.  124,  is  a  left-handed  door.  Locks  are  made  right  and  left 
handed  to  suit  the  arrangement  of  the  doors. 

The  following  letters  are  used  to  mark  the  parts  mentioned,  in  the  figures  of  this 
section  relating  to  doors  : — 

ledge 


Architrave 
Brace 
Frame 
Ground 
Hinge 
Latch 
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Lock 
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Rails 
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WB 

wp 
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Doors  receive  their  distinctive  names  according  to  the  nature 
of  their  construction. 

A  Ledged  Door  ^  is  the  simplest  kind  of  door  made,  and  is 
used  only  for  temporary  or  inferior  purposes. 

The  very  commonest  consist  of  vertical  boards  butted  against 
one  another,  and  connected  by  two  or  three  horizontal  pieces 
called  "  Udge,8  "  ^  nailed  across  the  back. 

In  ledged  doors  of  a  better  class  the 
boards  are  grooved  or  ploughed  and  tongued 
together,  sometimes  united  by  rebated 
joints,  and  nearly  always  beaded  or 
chamfered.^ 

The  ledges  should  be  fixed  on  the  inside 
of  the  door,  which  is,  in  Figs.  86,  87, 
shown  to  open  outwards.  The  rebate  in 
the  frame  is  here  shown  of  a  depth  only 
equal  to  the  thickness  of  the  boards  or  door 
itself,  the  ledges  being  cut  off  at  the  ends 
so  as  not  to  fit  into  the  frame. 

In  some  cases,  however,  the  ledges  are 
made  of  a  length  equal  to  the  full  width 
of  the  door,  and  recesses  are  cut  out  in  the  frame  beyond  the 
rebate  to  receive  them  where  they  occur. 

1  Sc.  Barred  Door.  ^  Sc.  Bars  or  Cross  Bars. 

3  A  "  Proper-Ledged  Door"  is  one  in  which  the  boarding  is  wrought,  ploughed, 
tongued,  and  beaded.    The  term  is  becoming  obsolete. 
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Fig.  86 
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Ledged  Door. 
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The  arrangement  here  shown  would  be  objectionable  for  a  door 
of  any  importance,  for  even  when  locked  it  can  at  any  time  be 
opened  by  unscrewing  the  hinges  from  the  outside. 


Fig.  87.    Ledged  Door. 

If  such  a  door  be  required  to  be  very  secure,  it  should  have 
hinges  on  the  inside,^  as  in  Figs.  88,  89,  or  be  hung  with 
external  hook  and  eye  hinges  fixed  with  bolts  and  nuts  on  the 
inside  (see  Figs,  go,  92),  which  cannot  be  removed  when  the 
door  is  locked. 

A  Ledged  and  Braced  Door  has  braces  diagonally  across  the 
back  in  addition  to  the  horizontal 
ledges,  as  shown  in  Fig.  88. 

The  ledges  and  braces  shown  in  this 
figure  are  bevelled  or  beaded,  and  the 
boarding  is  ploughed,  tongued,  and 
beaded  on  both  sides. 

The  braces  should  be  fixed  so  as  to 
incline  downwards  toward  the  side  on 
which  the  door  is  hung. 

The  beads  on  the  inside  of  the  door 
are  often  omitted,  but  are  just  as  much 
required  there  as  on  the  outside,  to 
conceal  the  joints  when  the  boards 
shrink. 

The  frame  generally  has  a  bead  run  round  its  inner  edge  to 
conceal  the  joints  between  it  and  the  door. 


Fig.  88.      Inside  Elevation  of 
Ledged  and  Braced  Door. 


Fig.  89. 

The  door  illustrated  in  Figs.  88,  89  is  arranged  to  open 

1  The  hinges  and  latcii  of  the  common  ledged  door  are  dotted  in  Fig.  86  to  show 
that  they  are  on  the  outside. 

B.C.  II  Q 
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inwards,  the  rebate  in  the  frame  being  made  of  a  depth  equal  to 
the  united  thicknesses  of  the  boarding  and  ledges,  as  shown  in 
Fig.  89. 

Sometimes  the  frame  is  rebated  to  a  depth  only  sufficient  to 
receive  the  boarding  alone,  in  which  case  the  hinges  are  fixed 
upon  blocks  attached  to  the  frame,  the  surfaces  of  the  blocks 
being  flush  with  those  of  the  ledges. 

A  Framed  and  Braced  Door.-^ — This  door  consists  of  a  frame 
strengthened  by  a  middle  or  lock  rail  and  diagonal  braces,  the 
edges  of  which  are  stop-chamfered  to  give  them  a  light  appear- 
ance, as  shown  in  the  internal  elevation  Fig.  91. 


^  Outside 

Fig.  92.    Framed  and  Braced  Door. 


The  ends  of  the  braces  are  tenoned  into  the  styles  and  rails  as 
shown ;  the  upper  ends  are  frequently  made  to  abut  partially 
upon  the  styles,  but  this  has  a  tendency  to  force  them  off  the 
rails.  The  braces  should  therefore  be  connected  at  the  upper  end 
with  the  rails  only,  as  shown  in  Fig.  91.  The  lower  ends  may 
abut  partially  upon  the  hanging  style,  and  they  are  sometimes 
kept  entirely  clear  of  the  rails. 

The  braces  and  lock  rails  are  thinner  than  the  remainder  of 
the  framing  by  the  substance  of  the  boarding,  which  lies  against 
them  and  is  nailed  to  them. 

^  Sometimes  called  Framed,  Ledged,  and  Braced. 
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In  external  doors  the  bottom  rail  is  generally  covered  by  the 
boardmg,  so  as  to  be  invisible  from  the  outside.  This  enables  the 
ram  to  get  clear  away,  instead  of  being  caught  by  the  bottom 
rail. 

In  Fig.  91  the  framing  is  stop-chamfered,  and  the  hoarding, 
ploughed,  tongued,  and  V-jointed  on  both  sides.  The  door  opens 
outwards,  and  is  hung  with  hook  and  eye  hinges.  An  enlarged 
section  of  part  of  this  door  is  given  in  Eig.  76,  p.  70.  ^ 

A  Framed  and  Ledged  Door  is  like  that  sjiown'in  Fig  oi 
without  the  braces.  &•  y  > 

PaneUed  Doors  consist  of  a  framework  of  narrow  pieces  of 
.equal  thickness  put  together  with  mortise  and  tenon  joints  and 
^grooved  on  the  inside  edges  to  receive  the  panels. 

Fig.  93  shows  the  elevation  of  a  four-panelled  door,  and  Fig 
!9o  that  of  a  door  with  six  panels. 

Figs.  97,  98,  lor,  102  are  horizontal  sections  taken  through 
Ithe  panels  identified  in  elevation  by  the  same  letters     Figs  qq 
100  are  parts  of  Fig.  98  enlarged.  " 

The  horizontal  bars  of  the  framing  are  called  "Bails;'  and  the 
vertical  bars  "Styles:'     The   centre   style  is   also  called  a 
Munting."  ^ 

In  a  six-panelled  door  the  uppermost  horizontal  bar  is  the  Top 
jBail,  the  next  below  is  the  Frieze  Hail,  the  next  the  lock  (or 
iMiddle)  Bail^  and  the  lowest  the  Bottom  Bail.^ 

The  two  highest  panels  are  the  Frieze  Fanels,  the  two  next  the 
Middle  Fanels,  and  the  lowest  the  Bottom  or  Lower  Panels. 

The  Top  Bail  and  Frieze  Bail  are  generally  of  the  same  width 
ais  the  Styles  and  Munting  (about  4^  inches) ;  the  Loek  and  Bottom 
Mails  are  about  twice,  or  frequently  rather  more  than  twice  as 
^wlde  as  the  others. 

The  centre  of  the  lock  rail  should  be  about  2  feet  6  inches 
aibove  the  ground,  so  that  the  lock  may  be  at  a  convenient  height 
icor  the  hand.  ° 

In  a  four-panelled  door  there  are  no  Frieze  Fanels  The 
uippermost  panels  are  the  Upper  or  Top  Fanels.  The  Frieze  Bail 
i^s  also  omitted,  the  other  parts  being  named  in  the  same  way  as 
im  the  six-panelled  door. 

The  number,  relative  size,  form,  and  position  of  the  panels  is 
waned  m  different  doors  according  to  taste  and  to  the  purpose  for 
which  they  are  intended. 

Or  Muntin,  or  Mounting.    Sc.  Mounter.       2  g^.  Belt  Mail.       3  gc.  Sole  Hail. 
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Horizontal  Sections  {Scale  ft.) 


Front  Ultvation 
Fig.  96. 


Fig.  102.1 


1  It  will  be  understood  with  reference  to  the  above  figures  and  those  on  Plate  I. 
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In  six-panelled  doors  the  frieze  panels  are  often  of  oblong  form, 
being  wider  than  their  height,  and  the  four  lower  panels  nearly 
equal  in  size  to  'one  another  (see  Fig.  104).  Sometimes  the 
small  panels  are  placed  in  the  middle  of  the  door. 


Method  of  puttting  a  Dook  together. — Fig.  104  shows  the 
method  of  putting  together  a  "six-panelled  square-framed  door." 
A  comparison  of  this  figure  with  the  horizontal  section  of  a 
square-framed  panelled  door  given  in  Fig.  97,  and  with  Plate 

that  opposite  panels  cm  the  same  side  of  a  door  are  never  made  to  differ  from  one 
another  as  G  H  do.  Tlhey  are  shown  so  here  and  in  Plate  1.  in  order  to  include 
several  different  kinds  of  panels  in  one  illustration. 
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I.,  will  clearly  show  its  construction.  The  mouldings  are 
omitted  in  Fig.  104. 

The  figure  shows  one  style  of  the  door  detached,  the  other  is 
in  position,  and  supposed  to  be  transparent,  in  order  to  show  the 
construction  of  the  tenons  which  fit  into  it. 

The  rails  and  styles  are  continuous  throughout  their  length ; 
but  the  munting  is  divided  into  three  parts  tenoned  in  between 
the  rails.  A  portion  of  the  door  is  broken  away  to  show  the  con- 
struction of  the  munting  between  the  bottom  panels. 

It  will  be  noticed  that  the  styles  are  longer  than  the  height  of 
the  door,  have  projecting  "horns"  (HH)  which  extend  above  and 
below  the  bottom  rails.  These  horns  are  left  until  the  door  is 
wedged  up,  in  order  that  there  may  be  sufficient  substance  to 
resist  the  pressure  of  the  wedges,  which  would  otherwise,  pressing 
in  the  direction  of  the  grain,  force  out  the  wood  beyond  the  mor- 
tise in  the  style,  and  destroy  the  joint. 

These  horns  are,  of  course,  removed  when  the  door  is  finished 
and  cleaned  off  ready  for  hanging. 

The  ends  of  the  rails  are  formed  with  tenons  of  different  kinds, 
as  shown  in  Fig.  104.  These  fit  into  mortises  in  the  styles,  and 
are  there  secured  by  wedges. 

The  top  rail  has  a  single  haunched  tenon  at  each  end,  the 
frieze  rail  a  common  tenon  at  each  end,  and  the  bottom  rail  a 
double  tenon  at  each  end. 

The  lock  rail  is  provided  at  dt  with  a  double  tenon,  strength- 
ened by  a  haunch  Qi)  between  them ;  thus  the  necessity  of  a  very 
large  mortise  (which  would  cut  the  style  nearly  in  two)  is  avoided. 
When  an  ordinary  mortise  lock  is  used  for  a  thick  door,  that  end 
of  the  rail  in  which  the  lock  is  to  be  fixed  should  be  provided 
with  four  tenons,  as  shown  at  M ;  between  these  there  is  room 
for  the  lock,  which  can  be  inserted  without  interfering  with  the 
tenons.  The  construction  of  this  joint  is  shown  in  the  figure,  a 
portion  of  the  style  having  been  broken  away  in  order  to  show 
the  tenons  more  clearly. 

The  common  practice,  however,  is  to  make  an  ordinary  double 
tenon  in  the  centre  of  the  framing,  like  that  at  dt,  the  result 
being  that  the  formation  of  the  mortise  for  the  lock  cuts  away 
portions  of  the  tenons,  and  weakens  the  joint.  Small  mortise 
locks  are  made  to  obviate  this  difficulty. 

The  inside  edges  of  the  styles,  munting,  and  rails  are  grooved 
down  the  centre  about  ^  inch  deep  and  for  ^  of  their  width  to 
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PLATE.  I. 


FIG.  112. 
Section  on  J-K. 


FIG.  113. 


Section  on  L-JUf. 


Scale  %  inch  =  1  foot. 
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receive  the  panels.  The  edge  of  the  panel  (X,  Fig.  1 04)  is  shown 
in  dotted  lines. 

The  door  having  been  made,  the  tenons  carefully  fitted  to  the 
mortises,  etc.,  it  is  put  together  without  any  fastening,  and  left 
until  immediately  before  it  is  required  to  be  fixed,  in  order  that 
it  may  have  as  long  a  time  as  possible  to  season. 

Before  being  fixed  the  door  is  taken  to  pieces,  the  mortises 
cleared  out,  the  tenons  covered  with  glue,  the  styles,  munting, 
and  rails  tenoned  into  each  other,  and  the  panels  inserted.  The 
deal  wedges  {w  w)  are  then  dipped  in  glue  and  driven  in  as  shown, 
on  each  side  of  the  tenons,  the  flat  part  of  the  wedge  being  next 
to  the  tenon. 

In  Fig.  104  the  wedges  securing  the  frieze  rail  are  shown  as 
originally  fixed.  Those  for  the  top  and  bottom  rails  have  been 
cut  off  flush  with  the  style;  this  is  shown  so  for  the  sake  of 
illustration,  but  in  practice  it  is  not  done  until  all  the  parts  of 
the  door  are  put  together  and  "  wedged  U2d." 

The  door  should  then  be  laid  upon  a  flat  firm  surface  till  the 
glue  is  dry. 

In  high-class  work  with  hard  woods  to  be  left  unpainted  the  tenons  of  the 
rails  and  the  mortises  to  receive  them  are  stopped  short  of  the  edge  of  the 
styles  so  that  they  may  not  show.  The  tenons  may  be  secured  by  fox- 
wedging,  but  when  they  are  well  fitted  this  is  not  necessary,  thin  glue  being 
sufficient  to  hold  the  work.^ 

Plate  I.-'  gives  elevations  and  sections  of  another  six-panelled 
door,  with  different  kinds  of  panels  and  one  style  removed.  It 
requires  no  further  description  after  that  already  given  of  Fig. 
104. 

The  different  descriptions  of  Panelled  Doors  are  distinguished 
by  technical  names  expressing  their  thickness,  the  number  of 
panels  they  contain,  and  the  kind  of  panelling. 

The  doors  in  Figs.  93  to  103,  and  that  in  Plate  I.,  are 
each  shown  with  two  or  three  different  kinds  of  panels,  but  it 
will  be  understood  that  this  is  only  to  save  repeated  illustrations. 
As  a  rule,^  all  the  panels  on  the  same  side  of  a  door  are  of  the 
same  construction,  though  frequently  those  on  the  front  are  more 
ornamented  than  those  on  the  back  of  the  door. 

By  combining  the  information  contained  in  the  figures,  the 

1  S.M.E.  Course. 

2  There  are,  however,  exceptions  to  this  rule,  as,  for  example,  in  Fig.  115.  where 
the  upper  panels  are  moulded  both  sides,  but  the  lower  panels  have  a  bead-flush 
front  for  strength. 
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student  will  be  able  to  draw  several  varieties  of  doors.  The 
names  of  some  of  these,  and  a  reference  to  the  figures  from  which 
they  may  be  constructed,  is  now  given,  and  is  arranged  for  con- 
venience in  a  tabular  form. 


Description  of  Door. 


IJ-inch  Four-panelled — 
Square  framed 
Bead  butt  and  square 
Filled  in  solid,  bead  butt, 
and   back  chamfered 
flush  .... 

2-inch  Six-panelled — 
Moulded  and  square 
Moulded  on  both  sides  . 
Bead  flush  and  square 
Raised  and  moulded  panel 

with  moulded  rising 

both  sides  . 
Raised  panel  and  square 

rising,  back  square  . 

2 -inch  Six -panelled  door 
hung  folding,  four 
upper  panels  moulded 
both  sides,  bottom 
panels  bead  flush  and 
moulded  back  . 


Arrangement  and 
Size  of  Panels. 


As  in  Fig.  93 

93 


93 


116 


Section  of  Panels. 


Like  AB,  Fig.  97 
M      C,  „  98 


D,  98 

E,  101 

F,  ,,  101 
C,  98 

and  103 

G,  ,,  102 

H,  102 


Figs.  114,  115 


Appearance  of  Panels 
in  Elevation  of  Front 
Size  and  Arrangement 
being  as  described 
in  Col.  2. 


Like  AB,  Fig.  93 
.>    CD,    „  93 


CD, 


EF, 
EF, 
IK, 


G, 
H, 
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Two  lowest  panels 
like  IK,  Fig.  96  ; 
the  other  panels 
like  those  in  Fig. 
116. 


A  Two-leaved  or  Folding  Door  is  hung  in  two  flaps,  one  on 
each  side  of  the  opening. 

Figs.  114,  115,  116  show  respectively  the  plan,  a  vertical 
section  through  the  panels,  and  the  interior  elevation,  of  a  six- 
panelled  outer  door — hung  folding — with  a  fanlight  over  it. 

The  piece  framed  in  between  the  door-posts,  separating  the 
fan-light  from  the  door,  is  called  a  Transom.  Its  upper  surface 
is  weathered  outwards,  and  the  joint  between  it  and  the  fan-light 
is  sometimes  secured  by  a  water  bar  or  stepped  so  as  to  prevent 
the  entrance  of  wet. 

The  four  upper  panels  of  the  door  are  moulded  on  both  sides, 
while  the  two  lower  panels  are  made  bead-flush  on  the  outside, 
so  that  they  may  be  thicker  and  stronger. 

In  the  example  given  the  wood  linings  are  secured  to  plugs  let 
into  a  rough  axed  arch,  shown  in  section,  Fig.  115,  and  partly  in 
elevation  (Fig.  1 16),  some  of  the  plaster,  etc.,  having  been  removed 
so  as  to  expose  it.    A  concrete  lintel  or  wood  lintel  with  relieving 
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arch  may  be  used  instead  of  the  rough  axed  arch  to  support  the 
wall  above  the  door. 

In  this  illustration  the  joints  and  soffits  of  the  opening  are 
covered  by  wood  linings,  the  description  of  which  will  be  found 
in  Chapter  VI.,  pp.  129  to  134.  When  there  are  no  linings 
the  frame  is  grooved  to  receive  the  plastering  of  the  wall,  as  in 
Figs.  89,  135. 

To  prevent  wet  from  getting  in  under  the  door,  the  step  should 
be  well  weathered  and  not  too  wide.  The  riser  of  the  upper  step  in 
Fig.  1 1 5  might  be  flush  with  the  face  of  the  door  frame.  In  many 
cases  a  weather-board,  such  as  that  shown  in  Fig.  144,  is  added. 

Another  plan  is  to  form  a  recess  about  1^  inch  deep  in  the 
step  and  floor,  close  to  the  inside  of  the  door,  to  receive  a  door 
mat ;  while  a  narrow  groove  may  be  cut  in  the  step  close  to  the 
door,  with  outlet  graded  to  throw  the  water  off.  All  very  exposed 
external  doors  should  be  protected  by  porches. 

The  joint  formed  by  the  meeting  of  the  leaves  may  either  be 
simply  rebated  and  beaded,  as  shown  in  Fig.  114,  or  it  may  be 
further  secured  by  a  detached  "cocked  bead  and  fillet"  planted 
on  each  side,  as  in  Fig.  117. 

Double-Margined  Doors  are  hung  in  one  flap,  but  have  a  bead  run  down 
Ithe  centre,  so  that  they  may  look  like  doors  hung  "  folding." 

Sash  Dooes  have  their  upper  portion  glazed.  The  styles  of 
tthe  glazed  portion  are  often  made  narrower  than  those  of  the 
ipanels  below,  and  are  then  described  as  "  diminished  styles."  In 
tthis  case  the  joints  between  the  ends  of  the  lock  rail  and  the  styles 
fare  cut  obliquely  instead  of  being  vertical,  by  which  more  light 
iis  obtained,  and  the  sash  portion  of  the  door  is  given  a  ho-hter 
fappearance. 

Plate  II.  gives  a  part  elevation  and  details  of  a  sash  door 
with  styles,  diminished  at  X.  When  the  glazed  portion  of  the 
door  is  divided  into  smaller  panes  the  styles  are  often  consider- 
aa,bly  diminished  so  as  to  look  like  those  of  a  sash. 

In  Fig,  118  the  transom  T  is  continuous  from  wall  to  wall  and  tenoned 
imto  the  side  uprights,  which  rise  to  the  ceiling  and  are  there  tenoned  into  the 
hiead.  The  mullions  (M)  have  stub  tenons  fitting  into  mortises  on  the  under 
S3ide  of  the  transom. 

The  framework  of  the  side  lights  is  housed  into  shallow  grooves  in  the  side 
p)0sts  or  mullions. 

The  fanlight  at  the  top  of  the  door  is  kept  in  position  at  the  sides  and 
tcop  by  moulded  fillets//  screwed  to  the  frame,  the  bottom  rail  of  the  fanlight 
iss  connected  with  the  transom  by  an  iron  tongue  (Fig.  119).  ° 
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Jib  Doors  are  made  in  appearance  exactly  like  a  portion  of  the  wall  of 
the  room,  the  chair  rail,  dado,  etc.  (if  any)  being  carried  across  the  door. 
They  were  made  use  of  for  the  sake  of  uniformity  of  appearance  in  a  room, 
to  save  the  expense  of  having  a  second  door  to  match  one  necessarily  fixed 
for  use,  but  are  almost  obsolete. 

Sliding  Dooes  have  metal  wheels  fixed  upon  either  their  top 
or  bottom  rails  :  these  wheels  run  upon  iron  rails  fixed  above  or 
below  the  door,  which  moves  laterally. 

Fig.  12  1^  is  the  section  of  a  door  suspended  from  hanging 
rollers,  and  Fig.  1 2  2  of  a  door  running  on  bottom  rollers. 


Door  Frames. — There  are  several  ways  of  hanging  doors,  but 
i  this  course  extends  only  to  the  consideration  of  those  hung  in 
f  solid  door  frames. 

Solid  Door  Feames  consist  of  two  posts,  whose  upper  extremi- 
1  ties  are  tenoned  into  a  "  head  "  or  "  lintel"  and  whose  feet  may  be 
i furnished  with  cast-iron  shoes  ^  (see  Figs.  115,  123),  each  having 
;  a  projecting  stud  in  the  bottom  which  fits  into  a  sill  of  hard  wood 

^  From  the  catalogue  of  Messrs.  Rownson,  Drew,  and  Co. 

'■^  A  piece  of  sheet  lead  and  a  slate  dowel  or  a  round  cast-iron  dowel  are  often 
t  substituted  for  the  cast-iron  shoe. 


rig.  121. 


Fig.  122. 
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or  stone.  It  is  better  that  the  frame  should  in  external  doors 
rest  upon  a  stone  step,  as  in  Fig.  115,  for  wood  sills  soon 
decay. 

The  frame  is  either  built  in  aS  the  masonry  progresses,  or 
recesses  are  left,  into  which  it  is  afterwards  fitted.  In  the  former 
case  the  ends  of  the  head  are  allowed  to  project  beyond  the  width 
of  the  door  and  posts,  forming  "  horns  "  (H  H,  Fig.  123),  which  serve 
to  keep  the  frame  steady  in  the  masonry.  Unless  the  horns  are 
very  long,  the  mortises  are  sometimes  cut  through  to  their 
extremities,  as  shown  in  Fig.  123. 


H 


Fig.  123. 

These  horns  built  into  the  masonry  are  liable  to  rot,  and  may  with  advan- 
tage be  cut  off  and  the  joint  formed  with  an  ordinary  mortise  and  tenon 
joint,  wedged. 

The  head  of  the  frame  must  be  fixed  by  being  nailed  to  wood 
plugs  in  the  wall  or  by  being  wedged  into  a  chase  in  the 
wall. 

The  posts  and  head  for  ordinary  door  frames  will  fit  con- 
veniently into  brickwork  if  they  are  made  4^  inches  square. 
They  are,  however,  frequently  made  of  much  lighter  scantling,  in 
which  case  the  recesses  to  receive  them  should  be  diminished 
accordingly,  or  spaces  will  be  left  behind  the  frame  which  are 
seldom  solidly  filled  in. 
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The  scantlings  of  solid  dioor  frames  should  vary  according  to  the  width  of  the  door 
they  hare  to  carry  ;  as  thiey  are  supported  throughout  they  are  not  affected  by  the 
height  of  the  door.  ^ 

Width  of  opening.  Scantling, 
ft.  in.      ft.  in.  in.  in, 

23  to  30  4x3 
30  to  54  5x4 
54    to  70  6x5 

A  rebate  is  formeid  round  the  inside  of  the  posts  and  head 
into  which  the  door  fiits  when  shut.  This  rebate  is  worked  through 
the  whole  length  of  the  head  to  the  extremities  of  the  horns,  the 
tops  of  the  posts  beiing  fitted  accordingly. 

The  inside  edge  of  thie  rebate  on  the  frame  is  generally  beaded  or  cham- 

V'^J""      ^'""^     ^""'^  *°        J''^"^  between  the  door  and  the  frame 
ihis  bead  is  not  shown  iin  Fig.  123  (see  Fig.  1 14). 

Any  rebate,  chamfer,  <or  bead  on  the  posts  should  be  continued  upon  the 
cast-iron  shoes  where  thesse  occur. 

The  solid  frame  iss  generally  used  for  external  doors,  and  its 
position  in  the  wall  iis  varied  according  to  circumstances. 

The  frame  itself  is  secured  to  the  masonry  either  by  being  nailed 
to  wood  plugs,  as  in  Fig.  87,  to  wood  bricks,  as  in  Pig.  89  or  by 
being  fastened  to  forlked  wrought-iron  holdfasts  built  in,  as  'in  Fig 
92,  and  secured  to  thie  frame  by  a  bt)lt  and  nut,  as  in  Fig.  125.  * 

In  some  cases  the  frame  is  simply  attached  to  the  inside  of 
the  jambs  of  the  opeming  without  any  reveal,  as  in  Fig.  87  ;  but 
in  order  to  make  a  ffirm  job,  sinkings  or  recesses  to  receive  the 
frame  should  always  be  formed  in  the  wall. 

When  the  door  is  re3quired  to  open  outwards  and  fold  back  against 
the  wall,  the  frame  iss  inserted  in  recesses  formed  in  the  exterior 
angles  of  the  opening^,  so  that  the  front  face  of  the  frame  is  flush 
with  that  of  the  wall..    An  example  of  this  is  shown  in  Fig.  92. 

External  entrance  cdoors  of  houses  are,  however,  usually  made  to 
open  inwards,  the  fraime  being  fixed  in  a  recess  formed  on  the 
mside  of  the  wall,  as  shown  in  Fig.  124,  so  that  the  masonry  of 
the  reveal  prevents  thie  wind  and  rain  from  penetrating  between 
the  frame  and  the  walll. 

The  reveal  shown  ffor  the  external  door  in  Fig.  1 14  is  only  4I- 
inches  thick,  but  unltess  there  is  a  porch  or  other  protection  in 
front  of  the  door  it  is5  an  advantage  to  leave  as  great  a  thickness 
as  possible  of  masomry  in  front  of  the  frame,  in  order  that  the 
door  may  be  protected!  from  the  weather. 
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Internal  doorways  in  ordinary  houses  generally  have  their  jambs 
covered  or  lined  with  wood  (see  Fig.  114);  but  in  very  common 


Fig.  124.    External  Doorway. 


buildings  the  linings  are  omitted.  Moreover,  in  superior  buildings 
of  considerable  size  and  massive  construction,  the  jambs  are  fre- 
quently left  with  the  masonry  or  brickwork  showing. 

corridor 


chamber 

Fig.  125.    Internal  Doorway  {loithout  Jamb  Linings). 

Fig.  125  illustrates  such  a  case.  It  is  taken  from  the  New 
Law  Courts. 

WINDOWS. 

General  Bemarks. — Windows  may  be  merely  openings  in  walls, 
generally  that,  or  they  may  be  projected  from  the  general  surface 
of  the  wall  as  hay  windows,  oriel  windows,  etc. 

We  have,  however,  in  this  course  to  deal  only  with  the  con- 
struction of  the  sashes  and  frames,  and  these  should  always,  if 
possible,  be  flat,  in  order  to  avoid  the  expense  of  forms  curved  in 
plan,  curved  glass,  etc. 
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Sizes. — The  sizes  of  windows  are  regulated  both  by  their 
external  appearance  and  by  the  arrangements  required  for  light 
and  ventilation  in  the  rooms. 

Several  rules  are  given  by  different  writers  for  the  sizes  as 
regards  external  appearance.  These  need  not  here  be  entered 
upon.  The  undermentioned  may  be  useful  to  regulate  the  size 
as  regards  internal  arrangement.^ 

The  area  of  light  should  =  V  cubic  contents  of  room. — Morris. 
The  breadth  of  window  =  |-  (width  of  room  +  height  of  room). — Chamlers. 
The  height  generally  from  2  to  2^  times  the  breadth. 
There  should  be  1  foot  superficial  of  window  space  to  every  100  or  125  cubic  feet  of 
contents  of  the  room  in  dwelling-houses,  or  1  foot  superficial  to  50  or  55  cubic 
feet  in  hospitals. — Gallon. 
The  window  sill  should  generally  be  about  2  feet  6  inches  from  the  floor  inside. 
Windows  should  (as  nearly  as  the  construction  will  admit)  reach  to  the  ceiling,  for 
the  sake  of  ventilation. 
Sashes  and  Frames. — Windows  consist  of  two  parts — (1)  The 
sash  or  sashes  (including  the  bars)  which  hold  the  glass  ;  (2)  The 
frame  carrying  the  sashes. 

The  sashes  may  be  fixed,  arranged  in  several  different  ways 
(see  p.  98). 

The  frames;  may  be  solid  or  hollow.  Tlie  latter  (which  are 
called  "  hoxed  or  cased  frames  ")  are  required  to  receive  the  counter- 
weights when  the  sashes  are  hung  over  pulleys. 

N.B. — In  the  figures  illustrating  this  section  the  parts  are  marked  with  the 
distinctive  letters  mentioned  below  : — 


A  . 

.  Architrave. 

psl . 

Parting  slip. 

B  . 

.  Bracket. 

s  . 

Styles. 

I  . 

Batten. 

SS  . 

Stone  sill. 

hi  . 

.    Back  lining  of  sash  frame. 

SL  . 

Stone  lintel,  or  window  head. 

Ir  . 

.    Bottom  rail  of  sash. 

SF  . 

Solid  frame. 

c  . 

.  Capping. 

sb  .  . 

Sash  bar. 

f  • 

.  Fillet. 

sl  .  . 

Sash  line. 

9  ■ 

.  Ground. 

sk  .  . 

Skirting. 

H  . 

Head  of  sash  frame. 

t    .  . 

Throat. 

h  . 

.  Hinges. 

tl  .  . 

Top  lining. 

ib  . 

Inside  bead. 

tr  .  . 

Top  rail  of  sash. 

il  . 

Inside  lining  of  sash  frame'. 

w  .  . 

Weights. 

I  . 

.  Laths. 

WB  . 

Wood  brick. 

mr. 

Meeting  rails. 

wb .  . 

Water  bar. 

ol  . 

Outside  lining  of  sash  frame. 

wp.  . 

Wood  plug. 

OS  . 

.    Oak  sill. 

WL  . 

Wood  lintel. 

p  . 

.  Plastering. 

Window  board. 

Pp. 

.    Pocket  piece. 

Wedge. 

p  ■ 

.  Pulley. 

y  ■  ■ 

Do. 

ph  . 

Parting  bead. 

Y  .  . 

Rough  axed  arch  or  concrete 

ps  . 

Pulley  style. 

lintel. 

^  From  Notes  on  Practice  of  Building,  printed  at  Chatham. 
B.C. — n  H 
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SASHES. 

The  different  ways  in  which  window  sashes  may  be  arranged 
are  as  follows. 

Methods  of  Arranging  Sashes. 

{a)  Fixed,  so  that  they  cannot  be  opened,  see  Figs.  133  to  135. 
(h)  Hinged  on  either  side,  so  as  to  open  like  a  door  in  one  leaf 
or  two,  see  Figs.  142  to  144. 

(c)  Hinged  on  either  the  top  or  bottom  rail. 

(d)  Suspended  by  lines  over  pnlleys  with  counterweights,  so  that 
they  slide  up  and  down,  see  Figs.  136  to  141. 

(e)  Sliding  laterally  in  a  vertical  plane,  or  sliding  backwards 
and  forwards  in  a  horizontal  or  almost  horizontal  plane. 

(/)  Himg  on  pivots  near  their  centres,  see  Fig.  132. 

The  construction  of  sashes  will  first  be  explained,  then  that  of 
the  frames  in  which  they  are  hung,  and  then  the  method  of 
hanging. 

Construction  of  Sash. — The  sash  itself  is  of  nearly  the  same 
construction  in  all  these  cases. 

Fixed  Sashes  and  Hinged  Sashes  (see  Figs.  135  and  143) 
consist  simply  of  rails  (r)  and  styles  (s)  framed  together,  and  sash 
bars  (sb),  the  spaces  thus  formed  being  intended  to  be  fitted  in 
with  glass. 

Double-hung  or  Suspended  Sashes.  —  Fig.  126  shows  the 
construction  of  an  ordinary  pair  of  sashes  which  are  to  be  hung 
so  as  to  slide  past  each  other  up  and  down,  as  described  at  p.  104, 
and  illustrated  in  Figs.  136  to  141. 

It  will  be  seen  that  the  rails  (r)  and  sash  bars  (sb)  are  tenoned 
into  tlie  styles  (s)  and  wedged.  In  consequence  of  the  narrowness 
of  the  meeting  rails  (mr),  their  tenons  have  to  be  the  full  width  of 
the  rails,  and  therefore  the  mortise  has  to  be  cut  through  to  the 
end  of  the  style,  leaving  no  wood  ^  on  its  outer  side,  see  Fig.  126. 
The  joints  between  the  sash  bars  are  explained  at  p.  100. 

In  some  cases  the  lower  ends  of  the  styles  of  the  upper  sash 
are  continued  beyond  the  meeting  rail  (mr),  and  furnished  with 
a  moulded  horn  (h,  Fig.  127).  This  strengthens  the  joint  by 
providing  an  outer  side  to  the  mortise  and  prevents  the  meeting 
rail  from  striking  the  sill  when  the  sash  is  lowered. 

1  A  temporary  horn  is  left  on  which  the  sash  is  wedged  up,  one  wedge  being  used 
as  at  M,  Fig.  126. 
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Sash  Bars. — In  a  fixed  sash  t]ie  vertical  sash  bars  are  tenoned 
into  the  top  and  bottom  rails,  and  run  continuously  between 


'1 


sb 


Meeting  Rails 


sb 


Fig.  12} 


Fig.  126.    Sashes  to  he  double  hung. 
them,  being  mortised  to  receive  the  horizontal  bars,  which  are  cut 
into  lengths  and  tenoned  in  between  them. 

When  a  sash  is  to  be  hung,  those  bars  that  are  in  the  direction 
of  the  blows  or  jars  it  will  receive  when  it  is  opened  or  closed, 
should  be  made  continuous,  and  the  other  bars  cut  and  tenoned. 
Thus,  in  a  sash  to  slide  up  and  down,  the  vertical  bars,  and  in  a 
casement  the  horizontal  bars,  are  continuous. 

Kg.  128  is  a  plan  of  the  junction  of  a  vertical  and  a  horizontal 
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sash  bar  for  a  sliding  sash  known  as  f ranking.  The  vertical  bar, 
(V  V)  is  not  severed,  but  merely  mortised  to  receive  the  tenons  {t  t) 
formed  on  the  ends  of  the  portions  of  the  horizontal  bars  (H  H). 
These  latter  are  scribed,  as  shown  from  a  to  h,  to  fit  the  moulding 


Fig.  130. 


Fig.  129. 

(c  d)  of  the  vertical  bar.  The  tenons  are  sometimes  made  the  full 
width  of  the  square  {xy)  of  the  sash  bar,  as  shown  in  Fig.  130. 
When  the  mouldings  of  the  sash  bar  form  an  angular  edge  as  in 
the  lamb's  tongue  moulds,  or  fre- 
quently in  superior  work,  the  joint  is 
mitred  instead  of  being  scribed — that 
is,  an  angular  notch  is  cut  upon  the 
vertical  bar,  and  a  corresponding  angle 
formed  upon  the  end  of  the  horizontal 
bar  to  fit  it,  as  shown  in  Fig.  i  30.^ 

In  very  good  work  the  joint  is 
further  secured  by  a  dowel  inserted 
between  the  horizontal  bars  to  assist  the  tenons. 

The  sash  bars  have  a  double  rebate  (rr).  Fig.  129,  on  the 
outside  to  receive  the  glass,  and  a  similar  rebate  is  formed  all 
round  the  outside  of  those  edges  of  the  styles  and  rails  which  are 
next  to  the  glass.  In  Fig.  128,  the  glass,  together  with  the  putty 
which  secures  it,  is  shown  on  the  right  side  of  the  sash  bar. 

Scantlings  of  Sashes. 

SasKes  are  generally  from  1 J  to  2  inches  thick.  The  relates 
have  a  depth  from  the  face  equal  to  about  J  the  thickness  of  the 
sash  for  ordinary  glass,  but  greater  when  plate  glass  and  fillets 
are  used  (Fig.  1 1 9).    The  width  of  the  relates  is  about  J  inch. 

The  lower  rail  of  the  upper  sash  and  the  upper  rail  of  the 
lower  sash  (virmr)  are  called  the  "  7neeting  rails."  They  are 
made  wider  than  the  others  (each  by  the  thickness  of  the  parting 
bead),  and  are  bevelled  off,  as  shown  in  Fig.  137  (or,  in  some 
cases,  rebated),  so  as  to  fit  closely  where  they  meet. 

The  styles  and  top  rails  are  generally  about  2  inches  wide,  and 

^  From  S.M.E.  Course. 
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Fig.  131.  CUcked 
Bottom  Bail. 


the  meeting  rails  (in  order  to  obstruct  the  light  as  little  as  possible) 
about  1^  inch.  The  hottom  rail  for  extra  strength  is  made  deeper, 
generally  3  to  4  inches,  and  has  its  under  side  bevelled  (Fig.  137), 
and  sometimes  also  throated  or  checked  (Fig.  131),  to  fit  the 
oah  sill. 

The  lower  surface  of  the  bottom  rail  should  in  the  best  work  be 
checked  out  to  fit  the  oak  sill  (see  Fig.  131),  and  its  back  edge 
slightly  splayed,  so  as  not  to  strike  the  inside 
bead  as  the  sash  is  lowered.  The  outer  side  of 
the  inside  bead  may  also  be  splayed  to  fit  the 
lower  side,  so  that  the  joint  between  them  is 
tightened  as  the  sash  descends. 

Occasionally  the  throat  is  formed  nearly  on 
the  extreme  front  edge  of  the  bottom  rail,  as 
shown  in  Fig.  132,  so  that  when  closed  it  is 
immediately  in  front  of  the  throat  upon  the  oak 
sill  described  at  page  10  3. 
When  there  are  two  sashes,  as  in  Fig.  137,  the  under  edge  of 
the  top  or  meeting  rail  of  the  lower  sash  is  grooved  instead  of 
being  rebated.  A  reference  to  Fig.  137  will  show  that  this  is 
necessary,  in  order  that  the  meeting  rails  may  be  of  the  same 
thickness  where  they  come  in  contact. 

The  inside  of  the  sash  bars,  styles,  and  rails  may  be  left  square, 
moulded,  bevelled,  or  chamfered,  according  to  taste. 

An  example  of  a  bevelled  or  chamfered  bar  is  given  in  Fig. 
135,  and  a  moulded  bar  is  shown  in  Figs.  128  and  136.  A 
square  bar  is  rectangular  in  section,  not  ornamented  in  any 
way. 

Fixed  Sashes  are  put  into  solid  frames,  close  up  against  the 
rebate,  and  screwed  there.  A  bead  stop  is  sometimes  fixed  on 
the  outside  to  keep  the  joint  between  frame  and  sash  more  secure. 

Fanlights  are  sashes,  generally  fixed  over  a  door,  as  shown  in 
Figs.  115,  116.  The  sash  is  necessarily  on  the  same  side  of  the 
frame  as  the  door,  in  order  to  be  in  the  same  plane  with  the 
latter. 

Sashes  hung  on  Centres.— These  are  Iiung  "single"  in  solid  frames 
(see  Fig.  132). 

The  sash  has  pivots  fixed  on  the  styles  in  prolongation  of  its  horizontal 
axis.  These  pivots  fall  into  slots  in  small  iron  sockets  fixed  in  the  frame  to 
receive  them. 

If  it  is  required  that  the  window  should  fall  to  and  close  itself,  the  pivots 
are  placed  slightly  above  the  centre  line. 
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When  tlie  window  is  opened  the  lower  part  should  move  outwai'ds,  as 
shown  in  Fig.  132. 


Fig.  132,    Sash  hung  on  Centres. 

In  this  sash  the  horizontal  bars  (if  any)  extend  continuously  across,  being 
mortised  to  receive  the  vertical  bars.  In  large  sashes  a  centre  rail  may  be 
introduced. 

This  window  is  made  water-tight  by  the  following  arrangement : — 

A  bead  is  fixed  on  the  upper  half  of  the  outside,  and  on  the  lower  half  of 
the  inside  of  the  frame  against  which  the  sash  abuts  ;  the  remaining  portion 
of  the  bead  is  fixed  upon  the  sash  itself,  so  as  to  show  a  continuous  bead 
Avhen  the  window  is  shut. 

Instead  of  fixing  separate  beads  upon  the  frame,  it  is  sometimes  rebated  to 
answer  the  same  purpose. 

Sashes  hung  in  this  manner  are  well  adapted  for  windows  out  of  reach,  as 
they  can  be  opened  and  shut  from  below  by  cords. 

Sashes  sliding  laterally  are  seldom  required.  Those  which  move  in 
a  vertical  plane  may  be  arranged  to  move  on  rollers  between  beads  on  a 
solid  frame,  or  the  under  side  of  the  sash  may  be  deeply  grooved  so  as  to 
fit  over  a  water  bar  fixed  in  the  sill. 
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Sashes  sliding  in  a  horizontal  or  nearly  horizontal  plane  may  also  run  on 
small  rollers.  An.  example  of  them  is  given  in  Chapter  VI.  in  connection 
with  skylights. 

WINDOW  FEAMES. 

It  has  already  been  mentioned  that  window  frames  are  of  two 
kinds,  i.e.  solid  and  holloio,  the  latter  being  known  also  as  hoxed 
or  cased.     These  will  now  be  described  in  turn. 

The  Solid  Window  Frame  is  very  simple,  consisting,  like  that 
of  a  door,  of  a  head,  two  posts,  and  a  sill. 

A  rebate  is  run  all  round  the  frame  to  receive  the  sash,  as  it 
shuts  against  it,  or  a  stop  may  be  nailed  on  to  fulfil  the  same 
object. 

If  the  sash  is  to  be  fixed,  the  rebate  should  be  on  the  outside 
of  the  frame,  as  in  Fig.  134,  for  then  the  pressure  of  the  wind 
tends  to  tighten  the  joint  between  them ;  but  if  the  sash  is  to  be 
movable,  the  rebate  may  be  either  outside,  as  in  Fig.  134,  or 
inside,  according  to  the  way  the  sash  is  hung. 

It  is  a  very  common  practice  to  fix  solid  frames  with  the  rebate  inside,  as 
it  is  often  convenient  for  the  sash  to  open  inwards  ;  but  it  is  an  advantage 
to  have  the  rebate  outside  if  possible,  for  in  that  case  any  water  which  finds 
its  way  in  between  the  sides  of  the  frame  and  the  sash  is  stopped  by  the 
projection  of  the  rebate,  against  which  the  sash  shuts,  whereas  when  the 
rebate  is  inside,  any  water  penetrating  at  the  sides  is  conducted  downwards 
until  it  reaches  the  sill  and  trickles  over  it  into  the  room. 

The  sill  ^  {os,  Fig.  134)  is  generally  made  of  hard  wood,  such  as 
oak  or  pitch  pine,  as  it  is  much  exposed ;  its  upper  surface  is 
bevelled  to  fit  the  lower  rail  of  the  sash,  "  weathered  "  to  throw 
off  the  water,  and  frequently  throated,  as  in  Fig.  137,  to  prevent 
the  water  from  being  blown  along  it ;  occasionally  it  is  double 
throated,  as  in  Fig.  132. 

In  order  to  prevent  the  wet  from  working  in  underneath  the 
oak  sill,  a  metal  tongue  or  "  water  bar  "  {wh)  is  inserted  between 
it  and  the  stone  sill,  as  shown  in  Fig.  1 34,  or  a  step  is  made 
in  the  upper  surface  of  the  latter,  as  in  Fig.  132.  This  last 
arrangement  is  unusual  and  expensive. 

Figs.  133,  134  show  the  external  elevation  and  cross  section 
of  a  small  fixed  sash  in  a  solid  frame.  The  plan  below  (Fig.  135) 
is  on  double  the  scale  of  the  other  figures. 

"Boxed"  or  "Cased"  Frames. — Iii,  these  the  styles  or  side- 

1  Sc.  sometimes  called  Sole. 
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posts  of  the  frames  are  hollow  boxes  or  "  cases,"  so  made  in  order 
to  receive  the  weights  which  counterbalance  the  sashes. 


Oi/fside 

Fig.  135,    Fixed  Sash  in  Solid  Frame. 

Cased  Feames  with  Double-hung  Sashes  in  a  Thick  Wall. 
— Fig.  136  is  the  plan  mid  Fig.  137  the  vertical  section  of  a 
window  with  boxed  frame  and  sliding  sashes,  double  hung. 
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Fig.  I  38  is  an  interior  elevation  of  part  of  the  sash  and  frame, 
with  the  inside  lining  removed,  so  as  to  show  the  interior  of  the 
case. 

These  figures  are  necessarily  broken  into  portions  for  want  of 
;  space. 

The  exterior  elevation  of  this  window  is  shown  in  Tig.  139, 
and  the  interior  elevation  in  Fig.  140.  Both  of  these  figures  are 
■on  a  reduced  scale. 

Each  box  or  case  consists  of  the  hack  lining  ^  (hi),  the  in&ide 
lining  {il),  and  the  outside  lining  {oT),  the  side  nearest  the  sash  (ps) 
being  called  the  "pulley  style"  because  it  carries  the  pulleys  over 
which  run  the  sash  lines  supporting  the  weights. 

These  portions  of  the  casing  should  be  grooved  and  tongued 
together,  as  shown  in  Fig.  136,  but  in  common  work  the  grooves 
and  tongues  are  often  omitted. 


OutsifTe 


Inside 

Plan  {Scale  1"=1  ft. 
Fig,  136. 


The  upper  end  of  the  pulley  style  is  dovetailed  (or,  more  often, 
[grooved)  into  the  head  of  the  sash  frame  (H),  and  the  lower  end  is 
Ihoused  into  the  sill,  and  there  secured  by  a  horizontal  wedge  {x, 
see  Fig.  138). 

Down  the  centre  of  the  pulley  styles  is  formed  a  groove,  into 
which  fits  a  narrow  strip  {pb),  called  the  "parting  head,"  because 
iit  separates  one  sash  from  the  other.^ 

^  Sc.  Rack  boxing. 

^  The  parting  bead  is  sometimes  carried  round  the  upper  part  of  the  frame,  being 
aattached  to  the  under  side  of  the  head,  as  in  Fig.  141.  This  is  an  advantage,  as  it 
Ihelps  to  keep  the  sash  steady,  and  to  tighten  the  joint. 
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The  parting  bead  is  not  fixed,  as  the  outer  sash  cannot  be  put 
in  without  removing  it  temporarily. 

The  inside  bead  should  be  fixed  with  screws,  so  that  it  also 
can  easily  be  removed  if  required  to  put  in  or  take  out  the 
sashes. 

The  inside  bead  {ih)  is  made  deeper  than  the  thickness  of  the 
inside  lining  (^7),  so  as  to  cover  the  joint  between  the  inside  lining 
and  the  pulley  style  (ps,  see  Tig.  1 36). 

The  projecting  end  of  the  outside  lining  {pi)  is  sometimes 
rounded,  as  shown  in  Fig.  141. 

It  will  be  understood  that  there  are  two  sashes — an  upper  and 
a  lower.  The  upper  sash  slides  in  the  outer  half  of  the  frame, 
between  the  parting  bead  {ipb)  and  the  end  of  the  outside  lining 
(pi)  ;  the  lower  sash  slides  in  the  inner  half  of  the  frame,  between 
the  parting  bead  {fV)  and  the  inside  bead  {ih). 

The  sill  is  similar  to  that  already  described  at  p.  103.  A 
notch  is  formed  in  its  upper  surface  to  receive  the  lower  end  of 
the  parting  bead.  The  penetration  of  water  between  it  and  the 
stone  sill  upon  which  it  rests  is  prevented  by  a  metal  water  bar, 
as  previously  described. 

The  upper  parts  of  the  styles  of  the  sashes  have  grooves  taken 
out  of  their  sides  about  ^  inch  square,  and  extending  downwards 
about  6  inches  from  the  top,  to  receive  the  ends  of  flax  ropes  or 
"  sash  lines  "  (about  -|  inch  in  diameter) ;  these  pass  over  iron  or 
brass  pulleys  (pp,  Figs.  137,  138)  fixed  in  slots  near  the  top  of 
the  pulley  styles,  and  are  attached  to  the  weights  {iviv)  which 
counterbalance  the  sashes. 

The  direction  of  the  sash  line  in  Fig.  138  is  shown  by  the 
dotted  line.  The  lower  end  of  the  line,  after  passing  through  the 
groove  in  the  sash  style  above  mentioned,  enters  a  hole  bored 
obliquely  inwards  for  3  or  4  inches  in  depth,  until  it  meets  a 
larger  hole  sunk  in  the  side  of  the  style,  in  which  it  is  secured 
by  a  knot  which  is  nailed  to  the  style.  This  knot  is  not  shown 
in  Fig.  138,  as  it  would  occur  just  where  the  figure  is  broken. 

The  weights  are  of  common  cast  iron,  14  to  24  inches  long, 
and  either  circular  or  rectangular  in  section.  The  weights  should 
be  together  slightly  lighter  than  the  sash,  and  they  hang  in  the 
boxes,  being  separated  (to  prevent  them  fouling)  by  the  parting 
slip  ^  {psl),  which  may  be  either  of  wood  or  zinc. 

The  upper  end  of  the  parting  slip  is  passed  through  the  head 
^  Sometimes  called  Pendulum  Slip, 
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of  the  frame  and  suspended  by  a  nail  driven  through  it,  as  shown 
in  Fig.  138. 


Fig.  139.  Fig.  140. 

Nearly  at  the  foot  of  each  pulley  style  a  rectangular  hole  is 
cut  to  admit  the  weights,  which  can  thus  be  got  at  whenever 
necessary. 

This  hole  is  called  the  'pocket"  and  is  covered  by  a  flush  lid 
or  " fockd-jpiece"  ^  the  lower  end  of  which  is  rebated,  and  the 
upper  side  both  rebated  and  undercut,  so  as  to  fit  into  the  pulley 
style  (see  Pv,  Fig.  138). 

The  pocket  is  sometimes  placed  in  the  centre,  immediately 
behind  the  parting  bead,  as  in  Fig.  137,  but  it  is  more  convenient 
and  easier  to  open  if  placed  in  the  pulley  style,  forming  the  face 
of  the  inner  box,  so  that  it  is  just  behind  the  lower  sash  when 
closed. 

To  open  the  window  the  lower  sash  is  thrown  up  or  the  upper 
one  pulled  down,  or  both.  When  the  window  is  closed,  the 
sashes  are  secured  in  position  by  a  small  clip  or  sash  fastening 
fixed  on  the  meeting  rails. 

In  the  example  shown  in  Fig.  137,  the  inside  lining  above  the 
head  is  stiffened  by  a  bracket,  B  ;  very  often  a  small  block  is  placed 

^  Jr.  Foxing. 
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in  each  of  the  lower  corners  for  the  same  purpose,  as  in  Fig. 
141. 

As  the  description  of  Hnings  is  given  in  the  following  chapter, 
pages  129  to  134,  the  case  selected  for  illustration  in  Figs.  136, 
I  3  7  is  one  of  a  window  in  a  thick  wall  of  a  somewhat  inferior 
building.  The  jambs  inside  the  window  are  merely  plastered, 
whereas  in  a  superior  building  they  would  be  lined,  as  described 
in  Chapter  YI. 

The  ledge  formed  by  the  thickness  of  the  wall  within  the  sill  is, 
however,  protected  by  a  window  board  ( Wi  Bd)  tongued  into  the 
back  of  the  sill,  and  grooved  to  receive  the  edge  of  the  plastering. 

The  inside  lining  is  also  grooved  for  a  similar  purpose. 

Cased  Fkame  with  Double-hung  Sashes  in  a  Thin  Wall. — 
Even  in  superior  buildings  windows  may  necessarily  be  fixed  with- 
out linings.  This  occurs  when  the  wall  is  thin,  affording  barely 
space  for  the  boxed  frame,  together  with  a  sufficient  thickness  of 
brickwork  for  the  reveal. 

Fig.  141  is  a  section  of  the  upper  portion  of  a  window,  in 
9 -inch  brick  wall. 

The  joint  between  the  inside  lining  and  the  plaster  is  covered 
by  an  architrave  (A),  the  description  of  which  does  not  fall  within 
the  limits  of  this  chapter,  but  will  be  found  on  page  125. 

The  frame  is  secured  in  position  at  the  sides  by  being  nailed 
obliquely  through  the  inside  lining  to  wood  bricks  built  into  the 
reveal,  and  at  the  head  by  being  nailed  through  the  inside  lining 
to  the  wood  lintel. 

In  this  case  the  head  is  furnished  with  a  top  lining  {tl) ;  the 
inside  lining  is  secured  to  this  and  to  the  lintel,  and  a  bracket 
similar  to  that  in  Fig.  i  3  7  is  therefore  unnecessary. 

It  will  be  seen  that  Figs.  137  and  141  give  illustrations  of  the 
different  methods  in  which  the  weight  of  the  back  of  the  wall 
ahove  the  opening  is  supported.  In  Fig.  141  there  is  a  wood 
lintel  (WL),  relieved  by  a  rough  segmental  arch  of  the  description 
shown  in  Part  I.  Fig.  99.  In  Fig.  i  37  Y  is  a  flat  arch  for  which 
a  concrete  beam  is  sometimes  substituted,  thus  in  either  case 
dispensing  with  the  wood  lintel,  the  evils  of  which  have  been 
pointed  out  in  Part  I.  p.  11. 

If  the  method  illustrated  in  Fig.  141  were  applied  to  the 
thicker  wall  shown  in  Fig.  137,  two  lintels  of  wood  or  breeze 
would  be  required  to  support  the  back  of  the  wall  above  the 
opening.    Such  a  case  is  shown  in  Fig.  134.    The  under  sides 
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of  the  wood  lintels  are  either  hacked  or  lathed  to  form  a  key  for 
the  plaster  soffit ;  or  in  superior  work  they  are 
covered  by  a  wooden  soffit  lining,  as  described 
on  page  129. 


Single- HUNG  Sashes. — These  are  constructed  in 
exactly  the  same  manner  as  those  just  described,  and  so 
are  the  frames  to  contain  them  ;  but  the  upper  sash, 
instead  of  being  suspended,  is  fixed,  and  prevented  from 
descending,  by  stops  nailed  under  its  bottom  rail,  the 
lower  sash  only  being  hung  with  counterbalance  weights, 
as  above  described. 

In  some  cases,  however,  it  is  more  convenient  to  fix 
the  lower  sash,  the  upper  one  being  hung  in  the  usual 
manner. 

Fixing  Cased  Frawes  in  Position. — Cased  frames  are 
generally  secured  in  position  by  wedges,  or  pairs  of 
wedges,  driven  in  at  the  sides  between  the  back  linings 
of  the  boxes,  or  cases,  and  the  masonry  ;  and  at  the  head 
by  wedges  between  the  top  of  the  frame  and  the  sofiit  ^'^S>-  l^l- 

of  the  relieving  arch  or  lintel.  (These  last-mentioned  wedges  should  be 
driven  in  over  the  pulley  styles,  so  that  they  may  not  bear  upon  the  un- 
supported part  of  the  head  of  the  frame  and  cause  it  to  bend.)  The  frame 
should,  however,  be  made  more  secure  at  the  sides  by  being  nailed  obliquely 
through  the  inside  linings,  and  wedges  where  they  occur,  to  plugs,  wood  bricks, 
or  breeze  fixing  blocks  inserted  at  intervals  in  the  masonry  or  brickwork  (see 
Fig.  136,  and  Part  I.),  and  at  the  top  by  being  nailed  to  plugs  inserted  in  the 

    inner  flat  arch,  or  directly  to  the 

concrete  or  wood  lintel,  according  to 
the  construction  adopted.  When  the 
inside  lining  is  attached  to  the  wood 
lintel,  it  should  be  nailed  only  near 
the  ends  of  the  lintel  where  it  bears 
upon  the  wall,  so  that  the  lintel  may 
be  free  to  sag  in  the  centre  without 
bearing  on  the  frame. 

Cased  frames  are  often  built  in  as 
the  walling  progresses,  in  which  case 
the  head  should  be  made  longer  than 
the  width  of  the  frame,  so  as  to  form 
horns  somewhat  similar  to  those  of  the 
solid  door  frame  shown  in  Fig.  123, 
but  much  sounder  work  is  made  if  the 
frames  are  fixed  after  the  brickwork 
is  complete ;  screeds  can  then  be  run  up 
itui'(fej:icvafi'orL  to  which  the  frame  can  be  accurately 

Fig.  142.  fitted. 


French  or  Casement  Windows  are  those  in  which  the  sdshes 
are  hinged  vertically  and  open  like  a  door. 
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In  exposed  places  they  should  be  made  to  open  outwards,  as 
then  the  wind  pressing  upon  them  from  the  outside  only  makes 
them  close  more  tightly. 

The  frames  for  these  windows  are  solid,  having  a  rebate  cut 
round  the  outside  to  receive  the  sash. 

The  back  of  the  hanging  style  of  the  sash  is  generally  shaped 
so  as  to  fit  into  a  circular  recess  formed  in  the  frame,  as  shown 
at  X,  Fig.  143,  in  order  to  make  the  joint  as  tight  as  possible. 

These  sashes  have  continuous  horizontal  bars,  the  vertical  bars, 
if  any,  being  framed  into  them. 

It  is  difficult  to  keep  the  wet  from  entering  these  windows, 
especially  if  the  sashes  are  hung  folding  in  two  leaves. 

To  prevent  this  various  methods  have  been  devised ;  among 
the  best  is  the  curved  groove  on  one  style  and  corresponding 
projection  on  the  other  fitting  into  it,  as  shown  in  the  figure. 


Fig.  143. 

The  joint  is  often  further  protected  by  a  cocked  bead  {cb)  planted 
on  the  outside. 


The  frames  of  casement  win- 
dows are  often  placed  so  as  to 
be  flush  with  the  face  of  the 
wall,  in  order  that  the  sashes 
may  fold  back  against  the  wall 
when  open. 


When  a  casement  window 
extends  down  to  the  floor  it 
becomes  in  fact  a  glass  door, 
and  is  often  made  to  open  in- 
wards ;  in  such  a  case  it  is 


Fig.  144, 


Sto/ie  Step  ' 


^  very  difficult    to   keep  water 
'  from  entering  between  the  foot 
of  the  door  and  the  sill,  which, 
if  rabbeted,  is  so  necessarily 
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on.  the  inside.  To  overcome  this  objection  several  different  plans 
have  been  adopted. 

One  of  these  is  shown  in  Fig.  144.  The  rain  is  prevented  as 
much  as  possible  from  beating  in  at  the  joint  by  a  moulded  and 
throated  weather  board,  and  by  a  metal  water  bar  fixed  in  the 
oak  sill.  Any  wet  that  may  penetrate  between  these  is  caught 
in  the  groove  formed  in  the  sill  at  the  back  of  the  water  bar, 
and  conveyed  away  through  a  hole  bored  in  the  oak  sill  as 
dotted. 

In  this  arrangement  the  water  bar  is  rather  in  the  way  of  any 
one  entering  the  door.  To  avoid  this  it  is  often  omitted,  or  "  self- 
acting  water  bars "  are  used.  These  are  attached  to  the  lower 
rail  of  the  sash,  move  with  it,  and  when  it  is  shut,  turn  over  to 
secure  the  joint.  Any  detailed  description  of  these  contrivances 
would  be  beyond  the  range  of  this  work. 

In  order  to  get  rid  of  the  water  penetrating  between  the 
frame  and  the  sides  of  the  sash,  the  rebate  in  the  former  is 
grooved  down  the  centre,  and  a  similar  groove  is  formed  down 
the  side  of  the  style  of  the  sash.  These  two  grooves  meeting  one 
another  form  a  channel  down  which  the  water  runs  into  the 
groove  behind  the  water  bar  aboved  noticed. 

Furniture  and  Hinges. — ^The  description  of  the  different  kinds 
of  furniture  and  hinges  in  use  does  not  fall  within  the  scope  of 
this  work,  but  it  is  required  that  the  student  should  know  the 
position  in  which  they  are  fixed. 

Position  of  Furniture. — Doors. — The  "  furniture  "  of  a  door  depends  upon 
the  situation  and  nature  of  the  door  itseli'. 

There  are  several  kinds  of  locks  and  fastenings  in  use,  of  which  a  few 
only  can  here  be  mentioned,  and  none  described.  The  former  are  fixed  in 
or  upon  the  lock  rail,  at  a  convenient  height  for  the  hand.  The  position 
for  fastenings  varies  according  to  their  description  and  the  use  for  which 
they  are  intended. 

For  ledged,  framed  and  braced,  or  other  common  doors,  the  only  furniture 
required  is  a  Norfolk  or  thumb  latch  and  a  rim  lock.  These  are  placed  as 
shown  on  Figs.  86,  90,  91. 

For  superior  doors,  such  as  those  in  the  principal  rooms  of  good  houses, 
mortise  locks,  concealed  in  the  thickness  of  the  door,  with  spring  bolts  and 
ornamental  knobs,  are  chiefly  used,  and  also  finger-plates  (/p),  fixed  just  above 
and  below  the  lock  on  both  sides  of  the  door  (see  Fig.  96).  The  lower 
finger-plate  is  very  often  made  smaller  than  the  other.  The  small  bolt  knob 
shown  in  this  figure  has  gone  out  of  fashion  ;  when  used  its  position  varies. 
It  is  sometimes  in  a  line  with  the  large  knob,  or  slightly  above  or  below  it, 
according  to  the  make  of  the  lock. 

The  edge  of  the  keyhole  is  often  protected  by  a  brass  plate  or  escutcheon 
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screwed  on  over  it,  and  having  a  hole  in  it  a  little  larger  than  the  keyhole. 
Dust  and  dirt  are  excluded  by  the  use  of  a  small  hanging  cover  (see  Fig.  96) 
pivoted  above  the  keyhole. 

For  common  or  external  doors  heavier  locks  are  required.  These  are 
generally  iron-cased  rim  locks  (see  Figs.  93,  116),  or  for  some  doors  wooden 
stock  locks  of  an  ornamental  exterior  are  used. 

External  doors  require  to  be  further  secured  by  barrel  bolts,  either  hori- 
zontal, or  (when  hung  folding)  by  vertical  bolts  at  the  top  and  bottom,  sliding 
into  the  head  and  sill  respectively  (see  Fig.  116. 

Chain  and  barrel  fastenings  are  also  required  on  the  inside  of  outer  doors, 
in  order  that  they  may  be  secured  when  partially  open.  The  plate  at  one 
end  of  the  chain  is  screwed  to  the  door  frame,  while  a  knob  at  the  other  end 
slides  in  a  hollow  barrel  fixed  to  the  door. 

Position  of  Hinges. — This  is  shown  for  the  cross  garnet  hinges'^  on  the 
ledged  doors  in  Figs.  86,  88,  also  for  the  hook  and  strap  hinges  in  Fig.  90, 
and  for  the  hutt  hinges'^  in  Figs.  93,  96,  116. 

In  framed  doors  the  upper  hinge  is  fixed  on  the  edge  of  the  style  just 
below  the  level  of  the  lower  edge  of  the  top  rail,  in  order  to  be  clear  of  the 
tenon  of  the  rail ;  for  the  same  reason  the  lowest  hinge  is  placed  just  above 
the  level  of  the  bottom  rail.  When  there  are  three  hinges,  the  intermediate 
one  is  placed  halfway  between  the  others. 

The  knuckle  of  the  hinge  may  be  placed  so  as  to  coincide  with  the  bead 
on  the  door-frame,  as  in  Fig.  116.  This  is  often  done  in  good  work  to 
preserA'e  the  appearance  of  the  bead  intact,  but  a  very  general  practice  is  to 
let  half  the  knuckle  into  the  door,  as  in  Fig.  96,  the  remaining  half  being 
let  into  the  frame. 

To  enter  upon  the  different  methods  of  fixing  hinges  would  require  long 
descriptions  and  diagrams  ;  the  subject  is  a  somewhat  intricate  one,  and  does 
not  form  a  part  of  this  volume. 

Windows. — The  different  fastenings  in  use  for  sashes,  shutters,  etc.,  are  so 
numerous  that  it  will  be  impossible  to  do  more  than  notice  one  or  two  that 
are  absolutely  necessary. 

Sliding  sashes  require  a  spring  clip  or  sash-fastener  to  keep  the  meeting 
rails  in  their  proper  position  when  the  window  is  closed  ;  in  some  cases  thia 
is  done  by  driving  a  thumbscrew  through  the  meeting  rails. 

The  lower  sash,  if  heavy,  should  be  provided  with  small  brass  handles  or 
lifts  screwed  to  the  lower  rail. 

Casement  windows  require  fastenings  to  secure  the  sashes  when  shut,  and 
also  to  hold  them  back  when  open.  The  latter  are  fixed  in  the  face  of  the 
wall  when  the  sashes  fold  back  upon  it,  but  if  they  only  open  at  right  angles- 
the  fastenings  are  on  the  sill. 

A  common  form  in  this  latter  case  is  a  flat  iron  bar  pivoted  to  the  sash, 
with  holes  throughout  its  length  which  fit  upon  a  pin  fixed  on  the  sill.  The 
position  of  the  hole  selected  regulates  the  degree  to  which  the  sash  is  opened. 

When  hung  folding,  a  vertical  flush  holt  is  required  at  the  top  and  another 
at  the  foot  of  the  style  of  the  sash  first  closed. 

Sometimes  there  are  top  and  bottom  bolts  connected  by  a  rod,  so 
arranged  that  the  turn  of  a  handle  in  the  centre  shuts  both  bolts,  and  also 


^  Sc.  Cross-tailed  hinges. 
B.C.  II 


^  Sc.  Edge  hinges. 
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secures  the  sashes  to  one  another.  This  is  known  as  the  "  Espagnolette 
bolt:' 

Sashes  hung  on  centres,  when  out  of  reach,  have  a  cord  attached  to  the 
top  and  bottom  rails,  and  secured  to  a  belaying  pin  below  ;  or,  if  they  can 
be  easily  got  at,  they  may  be  secured  either  when  open  or  shut  by  the  quad- 
rant fastening  above  described. 


Chapter  VI. 
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MOULDINGS  are  required  merely  for  ornament.  The  most 
ordinary  forms  are  generally  parts  of  a  circle  in  section; 
and  it  is  recommended  that  they  should  not  have  much  pro- 
jection, the  lines  of  shade  being  produced  rather  by  deep  grooves. 

When  a  moulding  is  formed  on  the  edge  of  a  piece  of  timber  in  the 
substance  of  the  wood  itself,  it  is  said  to  be  "stuck"  see  Fig,  145. 

When  it  is  on  a  separate  slip  of  wood,  and  attached  to  the  piece  it 
is  to  ornament, it  is  said  to  be  " laid  in"  or  "planted"  see  Fig.  1 60. 

These  terms  are  the  same  as  those  used  for  beads  and  explained 
in  Chapter  V. 

In  ordinary  panelled  work  the  mouldings  are  as  a  rule  in 
separate  slips,  bradded  or  "  planted  "  on  to  the  inner  edges  of  the 
frames,  not  on  to  the  panels,  as  the  shrinkage  of  the  latter  would 
draw  them  away  from  the  frame. 

If,  however,  the  moulding  is  "  stuck  "  on  the  frame,  the  groove 
for  the  panel  should  be  deeper  than  the  moulding,  otherwise, 
when  the  framing  shrinks,  daylight  will  be  seen  through  the  open 
mitred  corners  of  the  moulding. 

Figures  145  to  150  are  sections  of  some  of  the  commonest 
classical  mouldings,  which  are  named  as  follows : — 

The  Torus  (Fig.  1 4  5 )  is  a  semi-cylindrical  projec- 
tion, surmounted  by  a  flat  band  called  a  "  fillet." 

The  Double  Torus  consists  of  two  such  semi- 
cylindrical  projections,  the  upper  one  being  smaller 
than  the  other  and  surmounted  by  a  fillet. 

The  Ovolo  (Fig.  146)  is  a  curved  convex  projec- 
tion surmounted  by  a  fillet. 

The  ovolo  shown  in  Fig.  146  is  a  quarter-circle 
in  section,  but  it  may  be  a  portion  of  an  ellipse  or 
hj'^erbola. 
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Fig.  147. 


Th&  Double  Ovolo  consists  of  two  ovolo  mouldings  opposite  to 
one  another,  as  in  the  sash  bar  Fig.  128.  r—  

The  Gavetto  (Fig.  147)  is  the  reverse  of  the 
Ovolo,  being  a  concave  quadrant.  \  

The  Ogee  or  Gyma  Becta  (Fig.  148)  consists 
of  two  curves  tangent  to  one  another,  the  upper 
being  concave  and  the  lower  convex. 

The  Reverse  Ogee  or  Gyma  Beversa  (Fig,  149) 
is  composed  of  the  same  parts  as  the  Ogee,  but 
reversed,  the  convexity  being  in  this  case  upper- 
most. 

The  curves  composing  the  two  last-mentioned 
mouldings  may  be  either  quadrants,  as  in  the 
figures  struck  from  the  centres  marked,  or  the       rig.  149. 
moulding  may  be  varied  according  to  taste,  by  using  flatter 
curves. 

The  Scotia  is  a  moulding  chiefly  used  for  bases  and  constructed 
thus : — 

In  Fig.  150  trisect  a  6  in  c  and  d ;  from 
centre  c,  with  radius  c  a,  describe  the  circle,  a  e  d, 
a  quarter  of  which  forms  the  upper  part  of  the 
moulding  ;  draw  c  e  at  right  angles  to  a  b,  cutting 
the  circle  in  e ;  from  centre,  e,  with  radius,  e  f, 
describe  the  curve,  /  h,  forming  the  lower  portion 
of  the  moulding. 

When  mouldings  are  formed   by  a 
combination    of   parts    of  well-known 
form,  they  are  distinguished  by  names 
expressing  the  combination  of  those  parts. 

Thus  the  meulding  at  A  in  Fig.  151  is  known  as  "  Quirh 
Ovolo  and  Fillet"  being  made  up  of  these  three  parts,  C[  0  f. 
A  C 


Fig.  150. 


Fi^.  151.  Scale,  2  inches  =  1  foot.  Fig.  152. 

The  moulding  at  B  in  Fig.  151  is  a  "  Quirk  Ovolo  and  Bead." 
In  Fig.  152  the  moulding  at  C  is  a  "  Quirh  Ogee" ;  that  at  D 
is  a  "  Quirh  Ogee  and  Quirked  Bead." 
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The  above  are  only  a  few  of  the  commonest  classical  mouldings,  besides 
which  there  is  an  infinite  variety  belonging  to  Gothic  and  other  styles  of 
architecture,  and  new  ones  are 
constantly  being  designed.  At 
one  time  they  were  all  formed 
by  hand  ;  and  it  was  therefore 
important  to  know  how  to 
construct  the  various  forms, 
but  they  are  now  nearly  always 
made  by  machinery. 

r,  T    ,  •        -nr    1  T  Fia;.  161.    Scale,  2  inches  =  1  foot. 

Boledion  Mouldings  are 

those  which  project  beyond  the  face  of  the  framing,  as  in  Fig.  i6i. 

They  are  used  in  order  to  give  a  massive  appearance  and 
heavy  decoration  without  increasing  the  thickness  of  the  framing. 

Plate  III.  illustrates  on  a  scale  of  half  full  size  the  applica- 
tion of  mouldings  to  various  constructions  in  joinery.  Figs,  i  5  3 
to  157  are  from  an  eighteenth  century  building,  and  Figs,  i  5  8 
to  160  modified  from  the  moulding  books  of  Messrs.  Elliott  of 
Newbury. 

JOINTS. 

In  this  section  it  is  proposed  to  describe  some  common  forms 
of  joints,  which  have  been  partially  referred  to  in  the  preceding 
chapter,  and  are  now  treated  at  greater  length. 

The  "  arrises  "  or  corners  of  all  angle  joints  in  good  work  should 
be  kept  as  sharp  as  possible. 

Angle  Joints. — MiTRE  JOINTS. — ^When  the  length  of  the  joint 
is  not  great  the  pieces  are  cut  to  a  bevel,  so  that  the  plane  of  the 
joint  bisects  the  angle ;  this  is  called  the  "  mitre." 

This  joint  depends  entirely  upon  the  glue  unless  it  is  strength- 
ened by  a  slip  feather,  as  dotted  in  Fig.  162. 

If  the  boards  are  of  different  thicknesses  the  joint  is  made  as 
in  Fig.  163. 
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Fig.  162.  Fig.  163.  Fig.  164.  Fig.  165. 

Fig.  1 64  is  a  modification  of  the  above ;  it  is  a  good  joint  for 
exterior  angles,  and  can  be  nailed  both  ways. 

This  joint  is  useful  for  connecting  angles  such  as  those  of  dados 
or  skirtings. 

In  Fig.  165  the  parts  are  kept  together  by  the  form  of  the 
joint  itself,  but  it  requires  a  great  deal  of  labour,  is  very  liable 
to  split,  and  not  often  used. 
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Keyed  Mitre  Joint. — A  mitre  joint  is  frequently  keyed  for 
strength  by  inserting  thin  shps  of  hard  wood 
covered  with  glue,  as  shown  in  Fig.  1 66.  These 
may  either  he  horizontal  as  at  K,  K,  or  inclined 
as  at  Kj. 

A  keyed  mitre  is  most  generally  used  for  joints 
visible  only  on  the  inside,  as  the  keys  are  un- 
Fig.  166.  sightly. 
Butt  Joints. — In  mitre  joints  the  shrinkage  of  the  boards  in 
width,  as  dotted,  does  not  open  the  external  angle  of  the  joint, 
though  the  inner  angle  does  open  slightly,  as  shown  by  the  dotted 
lines  in  Fig.  167. 
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Fig.  167.  Fig.  168.         Fig.  169.  Fig.  170.  Fig.  171. 

When,  however,  one  piece  is  butted  against  the  other,  the  piece 
that  has  its  grain  parallel  to  the  plane  of  the  joint  is  drawn  away 
from  the  other  as  it  contracts,  leaving  an  opening  at  0  (Fig.  168). 

To  hide  this  opening  by  its  shadow  a  bead  is  often  "  stuck  " 
on  to  the  piece,  as  shown  at  b,  Fig.  169. 

Or  in  angles  exposed  to  injury,  such  as  those  of  chimney 
breasts,  passages,  etc.,  a  bead  is  formed  so  as  to  avoid  the  sharp 
arris  (Fig.  170). 

This  forms  what  is  called  a  staff  bead. 

Interior  angles,  such  as  those  of  dados  or  skirtings,  may  be 
formed  with  a  simple  joint  as  in  Fig.  171.  In  this  case  the 
opening  caused  by  shrinkage  is  not  visible  (except  on  the  top 
edge,  which  is  generally  mitred  as  far  down  as  the  depth  oi  the 
moulding),  as  it  is  covered  by  the  wall. 

The  above  joints,  slightly  modified,  are  all  applicable  to  acute 
and  obtuse,  as  well  as  to  right  angles. 
A  common  joint  for  uniting 
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the  angles  of  cisterns  or  troughs 
is  shown  m  Fig.  172. 

When  the  angles  on  both 
sides  are  seen,  one  piece  may 
be  housed  into  the  other,  as  in 
Fig.  173.  Fig.  172.  Fig.  173. 

If  the  end,  x,  cannot  be  left  on,  the  tongue  must  be  made 
smaller  as  in  Fig.  171,  so  that  sufficient  wood  may  be  left  on  the 
outside  for  stren^jtli. 
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Flan. 
rig.  174. 


Dovetail  Joints. — The  common  Dovetail  has  already  been 
described  in  Chapter  V. 

The  Mitred  or  Secret  Dovetail  is  chiefly  used  by  cabinetmakers 
for  higlily-finished  drawers  and  boxes,  when 
for  the  sake  of  appearance  it  is  desirable  that 
the  dovetails  should  not  be  visible.  In  this 
joint  not  much  mure  than  half  the  thickness  of 
the  boards  is  dovetailed,  the  outer  portion  (s  t, 
Fig,  175)  being  mitred  as  shown,  so  that  the 
dovetails  may  not  show  on  the  sides  of  the  ex- 
terior angle. 

In  order,  further,  that  the  dovetails  may  not 
be  visible  upon  the  upper  surface  of  the  boards 
to  be  united,  the  top  of  the  joint  is  mitred  right 
through  the  thickness  of  the  board,  a  c,  for  a 
short  depth  (from  a  to  h).  This  may  also  be  done 
on  the  lower  surface  if  that  is  likely  to  be  seen. 

Fig.  175  shows  only  one  of  the  boards  to 
form  the  angle,  but  the  construction  of  the 
other  will  be  readily  imderstood,  as  it  is  cut  to 
fit  into  the  projections  and  indentations  of  the 
one  shown.  The  spaces  between  x  x  x  in  the 
figures  are  the  sockets,  the  corresponding  projec- 
tions on  the  opposite  board  being  called  the  pins 

This  joint  is  not  so  strong  as  the  common 
dovetail. 

The  Lap  Dovetail  is  a  joint  in  which  the  pins  on  one  board,  B, 

do  not  extend  entirely  through  the 
thickness  of  the  board  A,  but  are 
concealed  by  a  portion  of  the  board 
which  is  not  cut  through.  In 
this  case,  of  course,  the  pins  of  the 
board  A  only  are  visible. 

This  joint  is  well  adapted  for  the 
fronts  of  drawers.  The  piece.  A, 
which  forms  the  front  shows  no 
dovetails,  while  B  forms  the  side 
in  which  their  appearance  is  of  no 
consequence,  as  it  is  not  seen  ex- 
cept when  the  drawer  is  open. 
Keys. — When  plain  surfaces  of  boarding  of  considerable  extent 


Fig.  175. 


Fig-  176. 
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are  required,  as  in  dados,  window  backs,  wall  linings,  etc.,  the 
boards  are  generally  ploughed  and  tongued 
and  joined  with  glue. 

Tapering  pieces  of  wood  called  "keys," 
very  well  seasoned,  are  often  let  into  a  wide 
dovetailed  groove  across  the  back,  as  shown 
in  Fig.  177. 

These  keys  keep  the  surface  of  the  boards 
in  the  same  plane,  and  allow  the  work  to 
shrink  and  expand  according  to  the  weather. 

The  edges  of  boards  to  be  united  are  some- 
times rebated  at  the  back  of  the  joint,  and 
strips  of  wood  are  glued  in,  so  as  to  keep 
the    edges    close    together.      Boards  so 
^S-  177.  secured  must  be  very  well  seasoned,  or  they 

will  split. 

Double  Dovetail  Keys  are  small  pieces  of  hard  wood,  of  double 
dovetail  shape,  let  in,  with  the  grain,  across  the  joint  to  be  secured. 

Hammer-headed  Key  Joint. 
— When  a  heavy  circular- 
headed    frame    consists    of  "H 

several   curved   pieces,  the   

parts  are  often  kept  together 
by  keys  of  hard  wood,  of  the  shape  shown  at  H  K  in  Fig.  178, 
glued  in. 

If  the  pieces  are  very  wide,  a  cross  tongue,  t,  is  put  in  on  each 
side  of  the  key,  and  the  joint  is  tightened  up  by  wedges,  w  w. 

Screw  bolts  may  be  substituted  for  the  keys,  the  cross  tongue 
still  being  used. 

Clamping. — Boards  are  sometimes  kept  tight  together  at  the 
ends  by  a  "clamp"  (C  C,  Fig.  179)  running  across  them,  grooved 


Fig.  178. 


Fig.  179. 

on  the  edge  to  receive  a  tongue  left  on  the  boards,  which  are  thus 
free  to  shrink  in  width.  In  the  best  work  tenons  are  also  formed  on 
the  ends  of  the  boards,  which  fit  into  mortises  formed  in  the  clamp. 
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In  some  cases  the  boards  are  cross-grooved,  and  the  clamp  tongued 

Mitre  Clamping. — When  it  is  advisable,  for  the  sake  of  appear- 
ance, to  conceal  the  ends  of  the  clamp,  they  are  mitred  back,  as 
shown  at  M  M,  Fig.  179. 

Glued  Joints. — When  it  is  required  to  glue  large  pieces  to- 
gether, the  wood  should  be  thoroughly  dry,  the  edges  well  warmed 
at  a  fire,  and  clean, — the  glue  as  hot  as  possible. 

Wliile  the  edges  are  warm  they  are  covered  with  a  coating  of 
glue,  and  rubbed  together,  so  that  the  superfluous  glue  is  squeezed 
out.  In  intricate  corners,  and  places  hard  to  get  at,  this  may  be 
sponged  off  at  once,  but  generally  it  is  better  to  leave  it  to  get  cold, 
as  it  excludes  the  air  and  enables  the  glue  to  set  more  firmly. 

Glue  is  required  principally  in  putting  framed  work  together, 
and  in  panels;  but  the  less  of  it  that  is  used  the  better,  even  in  fixing. 

Two  boards  may  be  glued  edge  to  edge,  forming  a  simple  butt 
joint,  or  their  junction  may  be  strengthened  by  being  grooved  and 
tongued  as  well*as  glued. 

A  considerable  surface  is  often  covered  with  boards  so  united, 
as  in  window  backs,  dados,  etc.  In  such  cases  keys  are  generally 
grooved  in  across  the  back,  as  shown  in  Fig  177.  These  keep 
the  surfaces  of  the  boards  in  the  same  plane,  and  allow  them  to 
shrink  and  expand  with  changes  in  the  weather. 

Glued  and  Blocked  Joint. — Two  boards  at  an  angle  may  not  only 
have  the  joint  between  them  glued,  but  may  also  be 
strengthened  by  a  block  glued  into  the  angle,  as  at  U 
in  Fig.  180. 

Such  a  construction  is  called  a  glued  and  hlocJced 
joint.    Examples  of  its  use  are  given  at  page  164,  in   ^i?-  i^o. 
the  connections  of  the  treads  and  risers  shown  in  Fig.  243. 

For  all  sorts  of  curved  surfaces  small  blocks  are  glued  together, 
and  then  covered  with  a  veneer. 

Sometimes  wood  is  bent  to  the  form  required,  and  then  blocks 
are  glued  on  to  the  back  to  keep  it  so. 

In  order  to  avoid  using  large  pieces  of  timber, 
wliich  can  never  be  so  seasoned  throughout  as 
to  prevent  splitting,  columns  and  similar  con- 
structions are  built  up  with  thin  staves,  s  s,  of  dry 
wood,  the  required  support  being  afforded  by  an 

iron  column,  P,  within :  and  small  blocks,  b  b  b, 
Fig.  181  >     }  } 

are  glued  inside  the  joints  to  strengthen  them, 

as  in  Fig.  181. 
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Fixing  Joiners'  Work. — All  joiners'  work  that  is  not  framed 
should  be  fixed  so  as  to  be  free  to  expand  or  contract. 

In  boarding  generally,  this  may  be  effected  by  fixing  one  edge, 
and  forming  the  other  with  a  groove  and  tongue ;  or  the  board  may 
be  fixed  in  the  centre,  with  both  edges  free. 

For  example,  the  upper  edge  of  the  skirting  in  Fig.  1 98  is  fixed 
to  the  "ground,"  but  the  lower  edge  is  free  to  move,  the  joint 
between  it  and  the  floor,  which  would  open  as  the  skirting  shrinks, 
being  covered  by  the  tongue  along  the  bottom  of  the  skirting 
which  enters  the  groove  formed  in  the  floor.  If  the  skirting  board 
were  not  thus  free  to  move  it  would  split  as  it  became  seasoned. 

Again,  it  wiU  be  seen  that  the  frame  of  the  window  back  (Fig. 
198)  is  free  at  the  lower  edge. 

The  dado  in  Fig.  i  8  5  is  also  fixed  at  the  upper  edge  only. 


N.B.—lTi  the  figures  illustrating  this  section  the  parts  are  marked  with  the 
following  distinctive  letters  : — 


A  . 

.  Architrave. 

il  .  . 

Inside  lining  of  sash  frame. 

B  . 

Bracket. 

I    .  . 

Laths. 

b  . 

Batten. 

mr .  . 

Meeting  rails. 

ba  . 

Backing. 

ol  .  . 

Outside  lining  of  sash  frame. 

hi  . 

Back  lining  of  sash  frame. 

OS   .  . 

Oak  sill. 

bk  . 

Blocks  or  blockings. 

P   .  . 

Plaster. 

br  . 

Bottom  rail  of  sash. 

Pp.  . 

Pocket  piece. 

hw  . 

.    Weight  to  balance  bottom  sash. 

P    ■  • 

Pulley. 

C  . 

Capping. 

pb  .  . 

Parting  bead. 

c 

Cradling. 

ps  .  . 

Pulley  style. 

D  . 

.  Dado. 

psl .  . 

Parting  slip. 

/  . 

.  Fillet. 

BA  . 

Relieving  arch. 

9  • 

.  Ground. 

s    .  . 

Styles. 

E  . 

Head  of  sash  frame. 

SB.  . 

Surbase. 

h  . 

.  Hinges. 

tw  .  . 

"Weight  to  balance  top  saah. 

SS. 

.    Stone  sill. 

WB  . 

AVood  bricks. 

SL. 

.    Stone  lintel. 

wb  . 

Water  bar. 

SF. 

.    Solid  frame. 

wp .  . 

Wood  plug. 

sh  . 

.    Sash  bar. 

WL  . 

Wood  lintel. 

sk  . 

.  Skirting. 

WiBd  . 

Window  board. 

t  . 

.  Throating. 

X    .  . 

Wedge. 

tl  . 

.    Top  lining. 

y  ■  ■ 

Do. 

tr  . 

.    Top  rail  of  sash. 

zps  .  . 

Zinc  parting  .slip. 

ib  . 

Inside  bead. 

Grounds  are  pieces  of  wood  nailed  to  plugs,  wood  bricks,^ 
breeze  fixing  blocks,  or  slips  in  the  wall,  so  as  to  form  a  firm  basis 
to  which  the  more  ornamental  portions,  such  as  architraves, 
linings,  etc.,  may  be  fixed. 

Grounds  are  used  round  themarginsof  openings  not  only  to  receive 
the  linings  and  architraves,  but  to  form  a  solid  finish  to  the  plastering. 
^  Wood  bricks,  slips,  plugs,  etc.,  have  been  described  at  page  11,  Part  I. 
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Mitred  or  Splayed  Grounds  have  the  side  next  to  the  plastering 
splayed  or  bevelled  as  shown  in  Fig.  182,  so  as  to  form  a  key  for 
the  plaster  and  secure  the  joint.  This  term  is  often  used  for  grounds 
which  are  of  a  splayed  form  in  plan,  such  as  that  in  Fig.  201. 

G-rooved  Grounds  are  those  which  have  the  inner  edge  grooved 
instead  of  splayed,  to  answer  the  same  purpose,  i.e.  that  of  afford- 
ing a  key  for  the  edge  of  the  plaster. 

Examples  are  given  in  Fig.  183,  and  several  other  figures. 

When  the  joint  between  the  ground  and  the  plaster  is  covered 
by  an  architrave,  the  splay  or  groove  on  the  edge  of  the  ground 
is  often  omitted,  as  in  Fig.  188.  It  is,  however,  better  to  have 
it,  to  form  a  key  for  and  to  secure  the  plaster  firmly  until  the 
architrave  is  fixed. 

Finished  or  Wrought  Grounds. — In  most  cases  the  ground  is 
rough,  its  surface  being  flush  with  that  of  the  plaster  on  the  walls, 
and  concealed  by  the  architrave  fixed  to  it :  sometimes,  however, 
either  the  whole  or  part  of  the  surface  of  the  ground  is  exposed  to 
view  ;  it  is  then  said  to  be  "  finished,"  and  is  wrought,  beaded,  or 
otherwise  ornamented. 

Fig.  196  shows  an  example,  in  which  the  whole  of  the  ground 
is  visible.  In  Fig.  200  only  part  of  the  ground  is  seen,  which 
forms  the  fascia  of  an  architrave,  and  is  embellished  by  mouldings 
attached  to  it. 

Framed  Grounds  are  used  as  margins  for  openings  in  superior 
work. 

They  form  a  sort  of  rough  frame,  generally  concealed  from  view, 
and  consisting  of  two  upright  sides  or  posts  mortised  to  receive  a 
head  terminating  in  haunched  tenons. 

Backing. — In  order  to  form  a  firm  support  to  the  lining 
between  the  grounds,  cross  pieces  are  dovetailed  in  between  the 
uprights  of  the  adjacent  frames,  as  shown  in  elevation  in  Fig.  191 
and  in  plan  in  several  figures ;  these  are  firmly  attached  to  wood 
bricks,  whose  edges  may  be  seen  in  elevation  behind  them  (see 
Fig.  191). 

Common  Grounds. — In  very  common  work  the  grounds  consist 
only  of  the  upright  posts  or  styles,  and  are  not  framed  into  a 
head  at  all;  in  other  cases  a  head  is  provided,  but  the  styles, 
instead  of  being  framed,  are  merely  halved  or  notched  into  it. 

Fixing  Gromids. — The  grounds  should  be  fixed  before  the 
plastering  is  commenced ;  they  form  a  "  screed "  or  guide,  to 
which  the  surface  of  the  second  coat  is  floated  (see  p.  203). 
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It  is  therefore  important  that  the  grounds  should  be  solidly 
and  accurately  fixed,  their  surfaces  and  edges  should  be  perfectly 
true,  and  so  firm  that  they  will  not  be  easily  disturbed  by  the 
plasterers. 

In  fixing  grounds  the  face  of  the  ground  should  project  about 
f-inch  from  the  naked  wall,  if  it  is  to  be  rendered  or  plastered;  or 
the  same  distance  from  the  battens,  if  it  is  to  be  battened,  lathed, 
and  plastered. 

The  inner  edges  of  grounds  for  door  and  window  openings 
should  be  kept  perfectly  plumb,  and  equidistant  from  the  centre 
line  of  the  opening,  the  face  of  the  ground  being  parallel  to  that 
of  the  door  or  sash-frame. 

The  width  of  such  grounds  will  depend  upon  their  finish ;  also 
upon  the  nature  of  the  opening. 

If  with  linings,  the  grounds  may  be  from  3  to  6  inches  wide, 
the  linings  being  attached  to  their  edges  (Fig.  197).  If  the 
grounds  are  wrought,  the  architrave  or  fillet  covering  the  junction 
of  the  plaster  with  the  ground  may  lap  over  about  half  the  width 
of  the  ground  (Fig.  197).  When  boxings  are  used  the  grounds 
will  be  of  sufficient  width  to  contain  the  shutter  and  back-flaps 
required,  and  may  be  wrought  (Fig.  200)  or  covered  with  a  double- 
faced  architrave  (Fig.  201). 

Several  examples  of  grounds  are  given  in  pages  129  to  141 , 
and  there  described,  so  that  it  will  be  unnecessary  to  enter  upon 
them  further  in  detail  at  present. 

Architraves  are  borders  fixed  round  the  openings  of  doorways 
or  windows  for  ornament,  and  also  to  conceal  the  joint  between 
the  frame  and  the  plastering. 

These  borders  may  be  of  almost  any  pattern  or  dimensions  to 
suit  the  character  of  the  room. 

They  are  sometimes  covered  with  elaborate  mouldings,  or 
made  in  the  form  of  a  pilaster. 

The  mouldings  of  the  architrave  may  extend  down  to  the  floor 
as  in  Fig.  186,  or  they  may  rest  upon  blocks  or  plinths  as  in 
Fig.  190. 

The  architrave  should  never  be  fixed  until  the  plastering  is 
completed  and  quite  dry.  It  should  then  be  placed  so  as  well  to 
cover  the  joint  (see  Fig.  193). 

Grounds  fixed  to  the  wall  are  generally  provided  to  form  a 
support  to  the  architrave,  and  are  covered  by  it  (see  Fig.  193). 
But  in  some  cases,  as  already  mentioned,  the  ground  itself  forms 
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the  face  of  the  architrave,  as  in  Fig.  1 94,  or  in  inferior  work 
it  may  serve  all  purposes,  as  shown  in  Fig.  196. 

In  order  to  save  labour,  and  to  avoid  large  pieces  of  timber, 
architraves  are  generally  built  up  in  parts  glued  together.  Ex- 
amples of  this  will  be  seen  in  Figs.  193,  204. 

These  parts  generally  consist  of  a  fiat  portion  or  base,  which  is 
merely  a  board,  beaded,  or  otherwise  ornamented,  on  edge,  and 
called  the  face.  This  is  surmounted  by  mouldings  according  to  taste. 

Larger  architraves  are  formed  of  pieces  of  different  thicknesses 
tongued  together,  as  in  Fig.  188.  Those  made  by  machinery 
may,  however,  be  procured  all  in  one  piece. 

Double-faced  Architrave. — When  the  base  of  the  architrave  is 
not  of  equal  thickness  throughout,  but  stepped  back  in  the  centre, 
as  shown  in  Fig.  201,  it  is  said  to  be  "  double-faced." 

Skirtings. — The  Skirting^  is  a  board  from  6  inches  to  18  inches 
wide  running  round  the  base  of  the  wall  of  a  room.  It  is  intended 
to  cover  the  junction  of  the  floor  with  the  waUs,and  also  for  ornament. 

The  skirting  board  may  be  square  or  plain,  ornamented  by  a 
bead  or  moulding  stuck  upon  it  (Fig.  182),  or  by  a  detached 
moulding  (Fig.  185)  it  may  be  sunk  to  form  a  double  plinth 
similar  to  that  in  Fig.  183.  The  skirting  may  be  plugged  close 
up  to  the  wall,  or  fixed  to  grounds. 

These  grounds  are  rough  battens  nailed  to  plugs  in  the  wall, 
and  they  should  be  dovetailed  at  the  angles.  A  narrow  hori- 
zontal ground,  plugged  to  the  wall,  runs  close  behind  the  top  of 
the  skirting;  and,  if  the  latter  is  wide,  blocks,  placed  about  9 
inches  apart,  extend  from  the  floor  to  this  horizontal  ground. 
Such  a  skirting  is  seen  in  Fig.  182,  and  another 
in  Fig.  1 84,  where  it  forms  the  base  of  a  "dado ;" 
a  portion  of  the  skirting  is  stripped  off  in  order 
to  show  two  of  the  blocks  supporting  it. 

The  lower  edge  of  the  skirting  is  sometimes 
housed  into  the  floor,  as  in  Fig.  183,  or  tongued, 
as  shown  in  Fig.  1 8  5  ;  or  it  may  rest  upon  it,  as 
in  Fig.  182;  in  either  case  a  fillet,  /,  may  be 
added  to  cover  the  joint  at  the  back,  though  this 
is  not  absolutely  necessary  when  it  is  let  into  thegcaie,  1  incii=i  foot 
floor.  To  save  material  the  fillet  may  be  splayed,  i.e.  made  of 
triangular  section  (Fig.  182). 

1  Sc.  Base,  if  mouldings  are  run  upon  it. 

,,  Baseplate,       ,,  „  separate. 
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When  the  floor  is  uneven  the  lower  edge  of  the  skirting  must 
be  scribed  to  fit  it — that  is,  a  line  is  drawn  upon  it  parallel  to 
all  the  irregularities  of  the  surface  of  the  floor,  and  the  lower 
side  of  the  skirting  is  cut  to  this  line. 

The  skirting  boards  should  be  tongued  (or  dovetailed)  at  the 
internal  angles  of  rooms  and  mitred,  as  shown  in  Fig.  164,  at 
external  angles, — ^in  either  case  the  top  edge  of  the  joint  is  mitred 
right  through.  The  skirting  boards  should  also  be  tongued 
wherever  they  are  pieced  in  length. 

The  hollow  behind  the  skirting  harbours  vermin,  and  the  plaster- 
ing should  always  be  continued  down  to  the  floor  so  as  to  fill  it 
up  (Fig.  184). 

The  boards  of  skirtings,  as  in  all  joiners'  work,  should  be  fixed 
so  as  to  allow  of  contraction  and  expansion  without  splitting. 

This  may  be  done  by  fixing  one  side  of  the  board,  and  tonguing 
and  grooving  the  joint  on  the  other  edge. 

Several  examples  of  ordinary  skirtings  may  be  seen  in  the 
figures  illustrating  other  parts  of  joiners'  work,  both  in  this  chapter 
and  in  Chapter  V.,  some  of  which  have  just  been  referred  to. 

A  Double  Skirting  consists  of 
two  skirtings,  one  above  the  other, 
as  in  Fig.  183.  The  width  of  both 
skirtings  may  be  equal  as  in  the 
illustration  given.  The  lower  one 
is  sometimes  wider  than  the  other, 
or  it  may  be  narrower,  according  to 
taste. 

Skirtings  are  often  formed  in 
cement  and  moulded,  but  such 
constructions  do  not  come  within 
the  province  of  the  joiner. 

Dado  and  Surbase. — For  the  sake 
of  ornament,  and  to  prevent  the  wall 


Fig.  183. 
Scale,  1  inch  =  l  foot. 


from  being  injured  by  chairs  knocked  up  against  it,  a  moulded 
bar,  called  a  "  chair  rail,"  is  sometimes  fixed  at  a  height  of  about 
3  feet  from  the  floor,  and  parallel  to  the  skirting. 

This  rail  should  be  fixed  to  a  narrow  horizontal  ground,  and 
should  be  wide  enough  to  cover  the  grounds  and  their  junctions 
with  the  plastering. 

The  interval  between  the  rail  and  the  skirting  is  called  the  Dado, 
D  in  Fig.  184,  and  the  chair  rail,  SB,  is  called  the  "  mrhase"  of 
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the  dado — the  skirting  forming  the  "  hose  "  B,  or,  as  it  is  some 
times  called,  the  plinth. 

The  dado  may  be  either  panel- 
led, simply  boarded,  or  formed 
only  by  the  surface  of  the  plas- 
tered wall,  as  in  Fig.  184. 

Fig.  184  shows  a  chair  rail 
or  surbase,  SB,  and  plastered  dado, 
D,  with  wooden  "  base"  or  "  skirt- 
ing," B. 

The  chair  rail  and  the  upper 
moulding  of  the  skirting  are 
nailed  to  narrow  grounds,  g  g, 
Fig,  184,  nxed  to  plugs  inserted 
in  the  wall. 

A  portion  of  the  skirting  is 


Fig.  184.    Scale,  |  incli^l  foot. 

broken  away  to  show  the 
blockings,  hk,  supporting  it 
as  described  at  page  126. 

The  dado  illustrated  in 
Fig.  1 8  5  is  entirely  of  wood, 
being  formed  of  wide  boards, 
grooved  and  feathered,  and 
hung  by  thin  tongues  of  hard 
wood,  j,  at  intervals  of  about 
3  feet,  to  the  narrow  ground, 
g,  which  supports  the  sur- 
base, SB.  The  boarding  is 
strengthened  and  kept  to- 
gether by  taper  keys,  h, 
similar  to  that  described  at 
page  121. 

The  keys  may  be  about 
3  feet  apart. 

The  boarding  of  the 
dado  is  thus  suspended  from 
the  upper  "ground,"  and  is 
free  to  expand  and  contract 
without  opening  the  joints. 


Fig.  185,    Scale,  1  iiicli  =  l  foot. 
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LININGS. 

Linings  are  covenugs  of  wood  so  placed  as  to  conceal  or  orna- 
ment portions  of  the  interior  of  buildings.  There  are  several 
varieties  of  linings,  distinguished  by  technical  names  denoting  the 
position  in  which  they  are  fixed. 

All  linings  should  be  of  narrow  boards,  ploughed  or  grooved  and 
tongued,  or  rebated ;  free  to  expand  and  contract,  and  nailed  to 
battens  fixed  to  the  waU  about  2  feet  apart. 

In  superior  rooms  the  linings  may  be  framed  and  panelled  as 
described  at  page  76,  Chap.  V. 

Linings  to  Doorways. — Jamb  Linings  cover  the  sides  of  the 
jambs  or  openings  through  walls,  such  as  doorways. 

Soffit  Linings  are  those  which  cover  the  soffit  or  under  sides  of  the 
arch  or  lintel  spanning  over  a  door,  or  the  interior  of  a  window  opening. 

Window  Linings  are  differently  named  according  to  their 
position. 

Breast  Linings  are  those  that  cover  the  portion  of  the  wall  be- 
tween the  inside  ledge  or  window  board  and  the  skirting.  These 
are  more  commonly  called  "  window  hacks." 

Elhow  Linings  cover  the  splays  of  the  wall  between  the  inside 
ledge  or  window-board  and  the  skirting  when  there  are  no  shutters 
(see  Fig.  197). 

Back  Linings  are  those  at  the  back  of  the  recesses  for  shutters 
(Fig.  200).     This  name  is  also  given  to  that  side  of  the  boxing 
in  a  cased  sash  frame  which  is 
opposite  the  pulley  stile  (see  p. 
105,  Chap.  V.) 

The  Outside  and  Inside  Lin- 
ings are  those  forming  the  outer 
and  inner  sides  respectively,  of 
the  boxings  in  cased  sash  frames. 

Wall  Linings  are  of  the  same 
nature  as  the  above,  but  cover 
the  whole  surface  of  the  waUs. 

Jamb  and  So£B.t  Linings.— 
In  doorways  the  sides  or 
"jambs"  J  J,  and  the  "soffit"^ 
S  S,  of  the  opening  are  gener- 
ally boarded  over  or  lined 
for  the  sake  of  appearance. 


Fig.  186. 


B.C. 
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Sometimes  called  Jamh-head. 
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This  boarding  is  called  the  jamb  and  soffit  linings.  These 
linings  serve  to  conceal  the  rough  sides  and  soffit  of  the  opening 
beyond  the  recess  containing  the  frame.  If  more  than  9  or  10 
inches  wide  they  should  be  panelled,  moulded,  or  otherwise  made 
to  correspond  in  appearance  with  the  face  of  the  door. 


 ^1 

Fig.  187. 


Jaml  Linings  to  external  Doorway. — It  has  been  mentioned 
that  external  doors  are  nearly  always  hung  in  solid  frames.  If 
the  doorway  is  in  a  thick  wall,  and  for  any  reason  it  is  required 
to  keep  the  door  near  the  front  of  the  wall,  there  remains  a 
considerable  depth  of  the  opening  behind  it  which  may  be  lined. 


Such  cases  are  shown  in  Figs.  187, 
188.  The  lining  in  these  examples  is 
very  simple,  consisting  merely  of  a 
1-inch  framed,  moulded  and  square, 
panelled  lining,  flush  at  back,  tongued 
into  the  door  frame  at  one  end,  and  at 
the  other  butting  against  the  architrave 
A.  The  lining  in  Fig.  1 88  is  supported 
by  a  rough  backing  fixed  to  plugs  in 
the  wall. 

Solid  Frames  with  Jamh  Linings  for 


internal  Doorways.— In  this  case  the        Fig.  189.    Scale,  linch  =  l  foot.^ 
jamb  lining  is  kept  back  from  the  edge  of  the  frame  a  space  equal  to  the  thick- 
ness of  the  door,  thus  forming  a  deep  rebate  into  which  the  latter  may  shut. 

The  lining  is  fixed  as  before  to  a  rough  backing,  ba,  which  is  secured  to 
wood  bricks  or  slips  in  the  wall. 

This  is  a  very  strong  way  of  hanging  a  door,  but  is  expensive  and  seldom 
adopted  for  interior  doors,  unless  very  heavy  and  substantial  work  is  required. 

The  solid  frame  may  be  beaded  or  chamfered  on  both  edges  and  itself 
form  the  finish  of  the  doorway,  as  at  SF,  Fig.  189  ;  or  the  joint  between  it 
and  the  plaster  may  be  covered  by  an  architrave,  as  at  A  on  the  opposite  side. 

The  lower  ends  of  the  frame  may  be  tenoned  into  the  floor,  which  keeps 
it  very  firm. 
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Jamh  Linings  with  framed  Grounds. — TMs  is  the  most  usual 
way  of  hanging  a  door  in  ordinary  work. 


Fig.  190.    Elevation.  Fig.  191.  Section. 


Fig.  192.  Plan. 
Figs.  190-192.    Scale,  I  inch^l  foot. 


Figs.  190,  191,  192  give  an  elevation,  cross-sectional  elevation, 
and  plan  respectively,  of  a  four-panelled  interior  door,  with  jamb 
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and  soffit  lining  of  this  kind.  Fig.  193  shows  a  portion  of  the 
plan  enlarged. 

In  this  case  it  will  be  seen  that  the  door  is  hung  to  the  jam1) 
lining  itself;  the  latter  is  attached  to  a  backing,  ha,  dovetailed 
in  between  the  framed  grounds,  and  secured  to  wood  bricks  in  the 
wall,  the  edges  of  which  may  be  seen  in  elevation  in  Fig.  191. 

In  some  cases  the  grounds  are  tongued  into  the  jamb  linings,  but  this  is 
very  seldom  done. 

The  jamb  linings  go  right  through  the  depth  of  the  oiDening,  and  on  one 
side  of  the  wall  have  their  edges  rebated  to  receive  the  door ;  the  edges  on 
the  other  side  of  the  wall  being  (in  superior  work)  similarly  rebated  to  cor- 
respond. 

The  soffit  lining  is  secured  to  cradling  or  backing,  c,  consisting  of  rough 
battens  attached  to  the  under  side  of  the  lintels  over  the  opening. 

Of  course  the  doorway  might  be  spanned  by  a  rough  axed 
arch,  or  by  a  concrete  beam,  without  wood  lintels,  in  which  case 
the  cradling  would  be  secured  to  plugs  let  into  the  arch  or  beam, 
unless  the  beam  were  made  of  coke  breeze  concrete  which  will 


Fig.  193.    Scale,  1  inch  =  l  foot.  Fig.  195. 

The  enlarged  plan  in  Fig.  193  differs  slightly  from  Fig.  192,  inasmuch 
as  a  smaller  Architrave  is  shown  on  the  inside  of  the  doorway.  The  panelling 
of  the  soffit  lining  is  often  shown  in  dotted  lines  upon  the  plan  of  the  doorway. 

Fig.  194  shows  the  jamb  linings,  with  framed  and  finished 
grounds  for  a  doorway  in  a  thin  partition  wall.  In  practice, 
however,  a  solid  frame  would  be  preferable  as  in  Fig.  195.  It 
would  run  up  and  be  secured  to  the  joists  over. 

Jamh  Lining  with  finished  Grounds. — In  common  work — to 
save  the  expense  of  architraves- — the  grounds  may  be  wrought  so 
as  to  present  a  finished  appearance,  and  themselves  form  an  orna- 
mented margin  to  the  opening. 
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In  Fig.  196,  is  a  wrought  and  chamfered  ground  secured  to  the  backing 
ha,  which  is  plugged  to  the  wall.     It  will  be  seen  that  g  acts  both  as  a  ground 

and  as  an  architrave.    This  is  taken  from 
2p  an  actual  case,  but  has  little  to  recommend 
it,  as  the  ground  really  forms  only  a  feeble 
sort  of  door  frame. 


Single  and  Double  rehatecl  Lin- 
ings.— Single -rebated  linings  are 
those  having  a  rebate  formed  to 
receive  the  door,  but  none  on  tlie 
other  side  of  the  wall.  In  superior 
"work  there  is  a  similar  rebate  formed 
on  the  opposite  side,  as  at  r  in  Fig. 
193,  and  the  lining  is  said  to  be 
double-rebated. 


iuch  =  l  foot. 


Window  Linings. — Figs.  197,  198  give  a  half-plan  and  a 
section  of  a  window  with  cased  frame  and  double-hung  sashes, 
furnished  with  panelled  and  moulded  linings. 


It  will  be  noticed  that  the  head  of  this  window  is  not  cased 
as  in  the  illustrations  given  of  windows  without  linings  (Fig.  i  3  7), 
but  is  solid,  being  secured  to  the  cradling  c  attached  to  the  under 
side  of  the  lintels,  "WL,  its  inner  side  being  grooved  to  receive 
the  tongued  extremity  of  the  soffit  lining,  the  other  side  of  which 
is  nailed  to  the  ground. 

The  jamb  lining  is  grooved  at  one  end  into  the  inside  lining 
of  the  boxing,  and  at  the  other  nailed  to  the  projecting  framed 
and  finished  ground  which  forms  the  face  of  the  architrave 
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It  is  supported  by  being 
nailed  to  the  splayed 
wood  brick,  WB. 

The  upper  rail  of  the 
window  back  is  secured 
to  the  oak  sill,  being 
surmounted  by  a  capping 
c.  The  lower  rail  rests 
upon  the  ground  g,  the 
joint  being  covered  by 
the  moulding  of  the 
skirting,^  so  that  the  ex- 
pansion and  contraction 
of  the  window  back  are 
not  prevented. 

The  jamb  lining  is 
here  shown  as  finished 
to  look  like  shutters, 
sometimes  described  as 
"  sham  shutters."  When 
the  lining  is  narrow  it 
is  often  merely  a  plain 
board,  tongued  if  the 
width  requires  it, 
wrought  on  face,  but  not 
framed ;  when  moulded 
it  is  made  to  correspond 
in  appearance  with  the 
doors  or  other  panelled 
work  of  the  room. 

The  wood  brick,  WBp  is 
inserted  in  this  case,  so  that 
the  boxed  frame  may  l:e 
nailed  to  it  obliquely  throngli 
the  inside  lining,  il,  but  it 
is  generally  considered  suffi- 
cient to  drive  a  wedge  in 
between  the  back  lining  and 
the  wall. 

1  In  practice  it  is  more  usual  to 
frame  tlie  ^vindow  back  and  elbows 
•with  flusli  beaded  skirting :  (1)  To 
avoid  the  difficulty  of  stopping  the . 
projecting  skirting  against  the  archi- " 
trave  ;  (2)  In  order  to  make  the  fram- 
ing from  floor  upwards  in  one  piece. 
The  flusli  bead  ranges  with  tlie  top 
of  the  ordinary  skirting. 


Vertical  section  through  centre  of  Fig.  174. 
Fig.  198.    Scale,  1  inch  =  l  foot. 
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SHUTTEES. 

Windows,  especially  those  of  ground-floors,  are  frequently  fitted 
v^ith  shutters  for  security  and  warmth  at  night. 

Iriside  Shutters  ai-e  fixed  on  the  inner  side  of  the  wall  of  a 
building. 

Outside  Shutters  are  fixed  on  the  outer  side  of  the  wall. 
Inside  Shutters  are  hung  in  several  difierent  ways,  which  may 
be  generally  arranged  under  two  heads. 

1.  Folding. — In  leaves,  hinged  together  and  folding  back  into 
recesses  or  "  boxings  "  prepared  for  them. 

2.  Sliding. — In  leaves,  sliding  up  and  down,  and  counter- 
balanced by  weights  in  the  same  way  as  sliding  sashes ;  or  sliding 
laterally  upon  roUers  in  and  out  of  recesses  formed  for  them  at 
the  sides  of  the  window. 

Folding  Shutters. — A  recess  or  boxing  for  these  is  formed  in 
the  space  between  the  inside  lining  of  the  sash  frame  and  the 
framed  ground  at  the  back  of  the  architrave. 

The  back  of  this  recess  is  plastered  in  common  work,  but  in 
better  work  it  is  covered  by  a  lining,  called  the  "  back  lining." 

This  back  lining  has  one  end  tongued  into  the  inside  Kning  of 
the  sash  frame,  and  the  other  housed  or  tongued  into  the  ground 
behind  the  architrave. 

In  Fig.  200  the  architrave  is  fixed  to  a  finished  ground  into 
v/hich  the  back  lining  is  grooved. 

As  the  interior  of  the  boxing  is  exposed  to  view  when  the 
shutters  are  closed,  the  back  of  the  ground  is  sometimes  covered, 
for  the  sake  of  appearance,  by  a  return  lining  such  as  that  marked 
I  in  Fig.  201. 

The  leaf  which  is  exposed  to  view  during  the  day  may  be 
framed  and  panelled  like  the  doors  of  the  room,  and  is  called  the 
shutter,  the  remaining  leaves  are  called  the  back  Jlaps} 

The  back  flaps,  if  they  exceed  6  or  7  inches  in  width,  are 
framed,  but  may  be  of  a  plainer  description  of  panelling,  or  some- 
times not  panelled  at  all. 

In  most  of  the  accompanying  illustrations  the  shutter  and  flaps 
are  shown  as  framed  square  on  the  outer  side  and  bead  flush  on 
the  inner  side.  The  inner  side  is  often  finished  bead  butt 
for  the  sake  of  economy;  or  the  flaps  are  often  framed  square 

1  Sc.  Back/olds — Closers. 
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on  both  sides,  or  moulded  on  one  or  both  sides  according  to  t}it 
class  of  work. 

In  the  very  best  work,  however,  the  shutters  and  flaps  are  all 
made  the  same  on  botli  sides,  so  that  when  closed  they  will  al] 
appear  alike,  whether  seen  from  the  interior  of  the  room  or  through 
the  glass  from  the  outside. 

In  hanging  shutters  the  kuuclde  of  the  hinges  of  the  front  leaf 
should  be  about  half-an-inch  from  the  inner  angle  of  the  inside 
lining — so  that  the  whole  width  from  one  extremity  of  the 
shutters  to  the  other,  when  they  are  open,  is  an  inch  more  than 
the  width  of  the  window  opening. 

The  flaps  are  connected  by  small  "  back-flap "  hinges  fixed  as 
shown,  or  by  butt  hinges  attached  to  the  edges  of  the  flaps.  In 
the  former  case  the  shutters,  when  folded  back,  are  kept  apart  by 
nearly  the  thickness  of  the  hinge,  and  there  is  room  for  an  iron 
bar  or  other  fastening  to  hang  between  them. 

Shutter  and  One  Flap. — When  the  opening  is  narrow,  or  the 
waU  of  considerable  thickness,  the  shutter  may  be  hung  in  two 
leaves,  as  in  Pigs.  199,  200. 

Fig.  199  is  an  interior  elevation  of  a  window  with  sliding 
saslies  fitted  with  shutters  hung  in  two  leaves.    The  shutter  and 


Fig.  199.    Scale,  J  inch=l  foot. 


flap  to  the  right  of  the  elevation  are  closed,  the  other  shutter  and 
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flap  being  folded  back  into  the  boxings,  as  shown  in  the  half- 
plan  Fig.  200. 

The  shutter  is  moulded  on  the  side  exposed  to  view  during 
the  day ;  the  back  of  this  shutter  and  that  of  the  back  flap  (which 
are  seen  together  on  the  inside  of  the  room  when  the  shutters  are 
closed)  are  bead  flush,  while  the  front  or  outer  side  of  the  back 
flap  is  framed  square. 

In  this  and  some  of  the  following  figures  the  dotted  lines  show 
the  position  of  the  shutters  and  flaps  while  in  the  act  of  being 
closed. 

Shutter  and  Two  Flaps. — When  a  window  opening  is  wide,  or 
the  wall  in  which  it  is  formed  is  not  very  thick,  there  is  not  so 
much  room  for  shutters  in  proportion  to  their  width,  and  they 
have  to  be  folded  into  a  greater  number  of  leaves  in  order  that 
they  may  take  up  less  room  in  the  thickness  of  the  wall. 

Fig,  201  is  the  half-plan  of  a  window  with  the  same  opening 
as  that  in  Fig.  200,  but  in  a  wall  only  1  foot  6  inches,  instead 
of  2  feet  thick. 


Fig.  201.    Scale,  1  ineh  =  l  foot.  [J/J 

The  shutter  in  this  case  is  necessarily  folded  into  three  leaves  ; 
the  two  back  flaps  being  very  narrow  are  not  framed. 

The  lining,  I,  at  the  back  of  the  ground,  g,  is  only  to  preserve 
a  neat  appearance  within  the  boxings  when  they  are  empty ;  it 
may  be  omitted  and  the  back  lining  of  the  boxing  prolonged  to 
meet  the  back  of  the  ground. 

There  are  many  methods  of  arranging  folding  shutters,  which 
vary  considerably  according  to  the  length  of  shutters  required  — 
and  the  space  available  for  them  to  fold  into. 
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One  method  of  gaining  room  for  shutters  is  to  make  the  box- 
ings pioject  into  the  room,  as  shown  in  Fig.  202,  or  when  the 


Fig.  203.    Scale,  1  iiich  =  l  foot. 


Fig.  202.    Scale,  1  inch=l  foot. 

windows  are  separated  by  very  narrow  piers,  the  shutters  may  be 
arranged  as  in  "Fig.  203. 

Where  the  masonry  cannot  be  made  to  extend  inwards  far 
•  enough  to  form  a  support  for  the  lining  at  the  back  of  the  shutters, 
such  support  is  afforded  by  wooden  brackets  fixed  to  the  back 
of  the  pier  and  extending  inwards  as  far  as  may  be  required. 

Another  arrangement  for  shutters  to  cover  a  window  in  a  thin 
wall  is  shown  in  Fig.  204. 


Fig.  204.    Scale,  1  inch  =  1  foot. 

In  this  case  the  larger  flap  of  the  shutter  folds  back  upon  the 
inner  side  of  the  waU,  and  is  exposed  to  view,  being  connected  with 
the  boxing  of  the  window  by  a  short  flap  which  forms  the  jamb 
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lining.  The  elbow  of  the  wall  is  lined,  in  order  to  present  a  neat 
appearance  when  the  shutters  are  closed. 

This  is  rather  an  old-fashioned  arrangement,  but  very  useful  in 
some  situations. 

Shutters  with  Cover  Flap. — The  different  forms  of  folding  shutters 
hitherto  illustrated  have  one  disadvantage  in  point  of  appearance, 
viz.,  that  when  the  shutters  are  closed  the  recess  formed  to  receive 
them  is  visible,  and  forms  a  break  in  the  continuity  of  the  panelling. 

To  avoid  this,  in  very  superior  work  the  recess  is  covered  by 
a  separate  flap,  X  (Fig.  205),  which  is  hinged  to  the  ground  sup- 
porting it.  When  the  shutters  are  to  be  closed,  this  flap  is 
opened;  and  after  they  are  shut  against  the  sash  the  flap  is 
returned,  so  that  the  appearance  of  the  lining  is  preserved  intact. 

In  order  to  throw  the  shutters  back  into  the  recess  sufficiently 
to  clear  this  flap,  various  arrangements  are  adopted. 

That  shown  in  the  figure  simply  consists  of  a  hinge,  h,  of  peculiar 
form  attached  to  a  heavy  moulding  fixed  to  the  inside  lining  of 
the  cased  frame.  The  action  of  tliis  hinge  will  be  clear  upon 
examining  the  figure,  in  which  the  shutters  are  shown  folded  back 
into  the  recess,  the  position,  X^,  of  the  flap,  when  partly  closed, 
being  indicated  in  dotted  lines. 


Fig.  205.1    Scale,  1  incli  =  l  foot. 


In  some  cases  the  shutter  is  thrown  back  clear  of  the  covering 
flap  by  inserting  a  very  short  flap,^  which  lies  across  the  ends  of 

'  Modified  from  Plate  54,  vol.  iii.,  Laxton's  Examples  of  Building  Construction. 
'  A  good  example  of  this  arrangement  is  shown  in  Laxton's  Examples  of  Building 
Gcmtrudion,  Plate  55,  vol.  iii. 
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tlie  shutters  nearest  the  sash  frame,  and  answers  the  same  purpose 
a6  the  pecuJia.r  bjjige  shown  in  Fig.  205. 


Fig.  206.    Scale,  1  inch  =  l  foot. 

Sliding  Shutters  may  move  either  vertically  or  laterally,  in 
the  former  case  they  are  often  called  lifting  shutters. 

Lifting  Shutters  are  hung  in  exactly  the  same  way  as  sliding 
sashes ;  immediately  behind  the  boxed  frame  of  the  sash  is  a 
similar  frame  for  the  shutters  (Fig.  206). 

The  leaves  of  the  shutters  slide  down  into  a  rectangular  well 
formed  for  them  in  the  floor,  so  that  their  upper  rails  are  nearly 
level  with  the  window  sill. 

On  the  front  side  they  lie  close  to  the  inside  of  the  wall,  and 
on  the  other  they  are  screened  by  a  framed  hach  {Ba  in  Fig. 
207). 

The  two  leaves  of  the  shutter  slide  in  different  and  parallel 
paths, — the  upper  one,  S^,  between  the  bead  on  the  front  lining  of 
the  shutter  frame  and  the  parting  bead ;  the  other,  85,  between  the 
parting  bead  and  a  bead  fastened  on  to  the  inside  lining  of  the 
sash  frame. 

The  shutter  nearest  to  the  wall,  S2,  is  the  lower  of  the  two  when 
they  are  closed.  It  is  somewhat  larger  than  the  other,  being  of 
such  a  height  that  it  will  extend  from  the  top  of  the  flap  or  capping 
to  the  upper  edge  of  the  meeting  rail.  The  other  shutter  fills  up 
the  space  between  the  upper  edge  of  the  meeting  rail  and  the  top 
of  the  window. 

The  top  of  the  well  is  closed  when  the  shutters  are  down  by  a 
horizontal  hinged  flap,  and  vertical  flaps  conceal  the  parting  bead, 
etc.,  when  the  shutters  are  not  closed. 
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Sliding  shutters  are  useful  when  there  is  not  a  sufficient  thick- 
ness of  wall  behind  the  sash  to  receive  folding  shutters. 

Fig  206  is  a  plan  of  part  of  two  adjacent  windows  separated 
by  a  narrow  pier  or  mullion,  and  fitted  with  lifting  shutters,  and 
Fig.  207  is  a  veitical  section  of  the  same. 


Fig.  207.    Scale,  1  incli  =  l  foot. 

On  the  left  of  the  plan  the  flap  over  the  well  for  the  shutters 
is  supposed  to  be  standing  vertically  open  along  FO  TO,  so  that 
the  upper  rails  of  the  shutters  are  visible  with  the  flush  handles 
for  lifting  them. 

The  vertical  flap  is  also  open  and  folded  back. 
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On  the  right  of  the  figure  both  flaps  are  closed. 

In  some  cases  the  boxing  for  shutters  is  so  arranged  that  its 
outside  lining  is  formed  by  the  inside  lining  of  the  cased  frame 
for  the  sashes,  which  is  a  more  economical  construction  than  that 
shown  in  Fig.  206,  but  not  so  convenient. 

Sliding  Shutters  are  those  in  which  the  flaps  slide  laterally  into 
recesses  formed  on  each  side  of  the  window. 

Such  an  arrangement  can  only  be  adopted  when  there  is  a 
considerable  space  on  each  side  of  the  window.  It  possesses 
no  particular  advantages,  and  cannot  here  be  described. 

A  good  illustration  of  shutters  sliding  laterally  will  be  found  in 
Laxton's  Examples  of  Building  Construction,  vol.  iii.,  PI.  3  7» 

Outside  Shutters  for  dwelling-houses  are 
generally  hung  somewhat  like  doors — in  two 
leaves,  one  on  each  side — which  are  fixed  to 
the  outside  lining  (or  to  a  fiUet  plugged  to  the  ^ 
wall  in  front  of  the  outside  lining)  with  parlia- 
ment hinges,  by  which  it  is  enabled  to  clear 
the  reveal,  and  fold  back  upon  the  wall ;  see 
Fig.  208. 

For  shop  fronts  shifting  shutters,  or  revolving  shutters  on 
rollers,  are  used,  the  appearance  of  which  is  familiar  to  all.  Any 
description  of  them  would  be  beyond  the  range  of  these  Notes, 

SKYLIGHTS  AND  LANTERNS. 

Skylights  are  windows,  either  fixed  in  roofs,  or  themselves  form- 
ing the  roof  of  a  staircase  or  other  building  lighted  from  above. 

They  are  very  varied  in  form,  according  to  the  position  in 
which  they  are  fixed.' 

In  many  cases  the  skylight  is  raised  upon  vertical  or  slightly 
inclining  frames  filled  in  with  sashes  which  form  its  sides  (Figs. 
213,  214);  it  is  then  frequently  called  a  Lantern. 

The  most  common  form  of  skylight  is  perhaps  that  in  which 
the  sash  is  parallel  to  the  slope  of  the  roof,  and  slightly  raised 
above  the  surface  of  the  slating  as  in  Fig.  209. 

An  opening  is  formed  in  the  slope  of  the  root  (by  trimming 
the  common  rafters  CR),  of  the  same  size  as  the  proposed  sky- 
Hght ;  a  lining^  is  attached  to  the  inner  sides  of  the  trimmers  TT, 
and  of  the  trimming  rafters,  extending  a  few  inches  above  them. 
Upon  this  the  sash  rests ;  its  styles  and  rails  project  over  the 
^  Usually  called  a  "cwrJ  "  or  '^kerh,"  and  dovetailed  at  the  angles. 
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frame,  and  may  be  rebated  to  fit  it,  or  a  projecting  piece  may  be 
nailed  on,  as  shown  at  c  in  Fig.  209,  to  cover  the  joint. 


Lead  flashings,  //,  are  also  fixed  as  shown  to  prevent  the  wet  from  getting 
in  ;  and  any  that  may  penetrate  finds  itself  in  a  groove  g  cut  in  the  upper 
surface  of  the  top  and  side  linings,  down  which  it  runs,  escaping  at  the 
lower  end  of  the  latter. 

The  sash  bars  run  down  the  slope  of  the  roof  like  rafters,  and  should  be 
made  strong  enough  to  resist  the  weight  of  glass  and  snow,  force  of  wind,  etc. 
The  rebates  should  be  grooved,  so  as  to  carry  off  any  moisture  that  may  pass 
round  the  edges  of  the  glass. 

The  lead  apron  at  the  lower  extremity  of  the  inside  of  the  skylight 
should  be  formed  into  a  sort  of  gutter,  as  shown  in  dotted  lines  at  x,  to 
receive  and  carry  away  the  moisture  which  condenses  on  the  lower  surface  of 
the  glass.  It  is  also  desirable  to  form  gutters  in  the  sides  of  the  sash  bars 
for  the  same  purpose,  as  in  Fig.  210. 

The  panes  should  run  continuously  through  from  top  to  bottom  of  the 
skylight,  without  cross  bars  to  intercept  the  wet  running  oif  the  glass. 

If  it  be  necessary  to  have  the  panes  in  shorter  lengths,  they  should  over- 
lap, as  in  Fig.  211,  and  be  secured  by  metal  clips,  shown  in  thick  black 
lines  which  hang  the  bottom  edge  of  each  pane  to  the  top  edge  of  the  pane 
below  it. 

It  is  sometimes  necessary,  for  want  of 
space,  to  obtain  more  light,  or  for  other 
reasons,  to  make  the  side  linings  vertical 
instead  of  at  right  angles  to  the  rafters  as 
shown,  but  the  latter  is  tlie  stronger 
construction. 

It  is  becoming  usual,  especially  where  a  skylight  is  of  considerable  length, 
to  avoid  the  gutt.er  by  lowering  the  head  H  of  the  skylight  2  or  3  inches 
below  the  lower  edge  of  the  slates  of  the  roof.  The  end  at  x  remains  at  the 
same  level,  so  that  the  slope  of  the  skylight  is  flatter  than  that  of  the  roof. 
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If  such  a  skylight  as  that  shown  in  Fig.  209  be  required  to 
open  it  must  be  hinged  at  H ;  and  in  some  cases  the  joint  is 
protected  by  a  strip  of  lead  fastened  round  the  sash,  which  hangs 
down  over  the  lead  flashing  on  the  sides  of  the  frame. 

The  glass  in  skylights  is  sometimes  secured  by  means  of  a 
capping  fixed  to  the  upper  surface  of  the  sash  bars,  which  holds 
the  glass  more  firmly  and  prevents  the  wet  from  penetrating. 

Another  kind  of  skylight  consists  of  a  pair  of  sashes  fixed 
above  the  apex  of  a  roof  and  parallel  to  its  sides. 

Two  varieties,  surmounting  a  queen-post  roof,  are  shown  in 
Figs.  212,  213, 

The  skylight,  of  which  half  is  shown  at  A,  consists  of  a  pair  of 
sashes  similar  in  construction  to  that  just  described,  raised  a  few- 


Fig.  212.  Scale,  I  inch  =  l  foot.  Fig.  213. 


inches  above'  the  surface  of  the  side  slopes  of  the  roof  by  means 
of  linings  fixed  to  the  purlins  resting  upon  the  queen  posts. 

The  inner  sides  of  the  queen  posts  have  backing  pieces  fixed 
to  them,  carrying  a  lining  so  as  to  convert  the  interval  immediately 
under  the  skylight  into  a  shaft  or  boxing. 

In  some  cases,  for  the  sake  of  appearance,  the  lower  extremity 
of  this  shaft  is  filled  in  with  a  sash,  Sa,  called  a  counter  skylight 
or  ceiling  light,  containing  glass,  so  as  to  keep  the  plane  of  the 
ceiling  almost  unbroken. 


SKYLIGHTS  AND  LANTERNS. 


145 


The  skylight  or  lantern  at  B  is  raised  two  or  three  feet  above 
the  roof  by  means  of  framed  sides  containing  sashes,  which  may 
either  be  fixed,  or  made  to  open  by  being  hinged  at  the  top,  or  (aa 
in  Fig.  213)  hung  on  centres. 

The  sill  of  the  framed  sides  is  fixed  to  a  capping  or  curb,  which 
rests  upon  a  cross  bearer  supported  by  the  heads  of  the  queen  posts. 

This  form  of  skylight  gives  more  light  and  ventilation  than 
that  at  A,  but  is  of  course  considerably  more  expensive. 

Fig.  2  I  5  shows  a  skylight  or  lantern  over  a  room  covered  by 
a  lead  flat. 

This  example  is  taken  from  the  lecture- theatre  of  an  hospital 
near  London,  but  is  in  many  particulars  similar  to  one  over  the 
Museum  of  Economic  Geology,  and  illustrated  in  Laxton's  Examples 
of  Building  Construction. 

The  lantern  being  large  and  heavy  is  supported  on  two  sides 
by  cast-iron  girders,  AB,  CD  (Fig.  215),  extending  across  the  room. 
The  other  sides  are  covered  by  binders  fixed  between  these  girders. 

Fig.  215  is  a  plan  showing  the  arrangement  of  these  girders, 
and  of  the  binders  and  joists  supporting  the  lead  flat,  the  larger 
portion  of  which  is  broken  away  to  show  the  bearers  beneath. 

Fig.  214  is  a  sectional  elevation  of  half  the  lantern,  showing 
the  different  parts  in  sufllcient  detail  to  render  much  explanation 
unnecessary.  The  moisture  condensed  upon  the  inside  of  the 
upper  portion  of  the  skylight  runs  down  and  is  caught  in  a  small 
zinc  gutter  formed  in  the  upper  portion  of  the  moulding  at  W, 
and  from  thence  is  led  through  a  hole  (dotted  in  tlie  figure)  to 
discharge  upon  the  lead  flat  outside. 

The  details  of  the  side  sashes  hung  on  centres  are  similar  to 
those  already  given  for  such  sashes  in  Fig.  132,  Chap.  V. 

It  will  be  noticed  that  the  inside  bead,  x,  Fig.  214,  is  so  fixed 
upon  the  sill  that  the  skylight  when  closed  does  not  shut  up 
against  it,  but  an  interval  is  left,  which  forms  a  gutter  to  receive 
the  condensed  moisture  from  the  sash.  A  groove  cut  in  the  sill 
enables  this  water  to  escape. 

Such  a  lantern  as  that  shown  in  Fig.  214  may  itself  form  the 
roof  of  a  staircase,  in  which  case  the  oak  sill,  forming  the  base  of  the 
sash,  would  rest  upon  the  coping  of  the  walls  of  the  staircase. 

When  the  side  sashes  of  a  lantern  are  fixed,  ample  provision 
should  be  made  for  carrying  off  the  moisture  which  condenses 
on  the  inside  of  the  glass,  and  has  a  tendency  to  run  down  into 
the  room  below. 

B.C.  11  L 
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This  may  be  prevented  by  providing  a  wide  oak  sill  projecting 


1 

Fig.  214.    Scale,  1  iiich^l  foot. 


inwards  an  inch  or  two,  so  as  to 
give  room  for  a  deep  groove  formed 
on  the  inside,  into  which  the  con- 
densed moisture  runs,  and  from 
whence  it  is  led  outwards  by  holes 
bored  through  the  sill. 

Or  the  inside  bead  on  the  oak 
sill  may  be  kept  a  little  back  from 
those  on  the  sides,  so  as  to  form 
a  gutter  as  explained  above  and 
shown  in  Fig.  2  1 4. 

Sliding  Sash  in  Skylight 


Fig.  215.    Scale,      inch  =  l  foot. 

It  is  sometimes  advisable  to  con- 
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Struct  the  slightly  inclined  sashes  of  a  skylight  so  as  to  open  by 
sliding. 

In  such  a  case  it  is  important  to  keep  the  rain  from  penetrating 
between  the  frame  and  the  sash. 

This  may  be  done  by  arranging  as  in  Fig.  216. 

  The  sash,  S,  slides  down  the  frame,  F, 

upon  a  Little  brass  friction  roUer,  r,  fixed 
in  the  frame,  st  is  a  stop  on  the  sash 
which  strikes  against  the  block,  hi,  attached 
to  the  frame,  and  arrests  the  fall  of  the  sash 
when  it  has  gone  far  enough, 
c  is  a  capping  protecting  the  upper  surface  of  the  joint  be- 
tween the  sash  and  frame.  As  an  additional  precaution  an  angle- 
iron  water  bar  may  be  inserted  as  shown,  so  as  to  prevent  any 
water  running  off  the  sash  from  penetrating  sideways  at  tlie 
point  X.  If,  in  spite  of  this,  any  water  should  penetrate,  it  will 
find  itself  in  the  groove  g,  which  leads  it  off  through  the  lowei 
end  of  the  frame. 


Fig.  216. 

Scale,  1  inch  =  1  foot. 
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STAIRS. 

Stairs  are  arrangements  of  steps  for  conveniently  ascending 
and  descending  from  one  level  to  another. 

They  are  generally  constructed  either  in  stone,  wood,  concrete, 
or  iron. 

The  consideration  of  iron  staii^s  does  not  come  within  the 
range  of  these  Notes. 

The  terms  common  to  all  stairs  will  first  be  mentioned,  and 
also  a  few  general  principles  universally  applicable ;  after  which 
the  construction  of  stone  and  wood  stairs  respectively  will  be  con- 
sidered more  in  detail. 

The  following  are  terms  used  in  connection  with  aU.  stairs, 
whatever  may  be  the  material  of  which  they  are  constructed. 

The  Staircase  is  the  chamber  or  space  which  contains  the  stairs. 


t 


'       r,  -1 

TJ 

TJ 

Fig.  217. 


This  may  be  a  room  of  the  exact  size  required,  the  walls  of 
which  closely  surround  and  support  the  steps,  as  in  Fig.  251, 
or  the  stairs  may  be  in  a  large  apartment,  such  as  a  passage  or 
hall,  openings  being  left  in  the  upper  floors  so  as  to  allow  head- 
way for  persons  on  the  steps,  and  to  furnish  communication  be- 
tween the  stairs  and  the  different  stories  of  the  building. 

In  such  a  case  the  stairs  are  generally,  though  not  necessarily, 
placed  against  a  wall,  as  shown  in  Fig.  217,  and  the  opening  is 
trimmed  round  in  the  manner  explained  at  page  130,  Part  I. 
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In  Factories,  or  similar  large  buildings,  the  staircase  should  be 
in  a  tower  projecting  from  the  building,  so  that  it  may  in  case  of 
fire  be  intact.  The  best  materials  for  fireproof  stairs  are,  first, 
mild  steel,  then  cast  iron,  then  hard  wood  with  plastered  soffit. 
With  regard  to  stone  steps,  see  note,  p.  152. 

Tread  is  the  horizontal  upper  surface  of  the  stej)  upon  which  the  foot  is 
placed. 

Rise  is  the  vertical  height  between  two  treads. 
Riser  ^  is  the  face  or  vertical  portion  of  the  step. 

Nosing  is  the  outer  edge  of  the  tread.  In  most  cases  it  projects  beyond 
the  face  of  the  riser  and  is  rounded  or  ornamented  by  a  moulding,  being 
known,  accordingly,  as  a  "rounded"  or  "moulded"  nosing.^  (See  Figs. 
219,  239.) 

Fliers  are  the  ordinary  steps  of  rectangular  shape  in  plan. 

Winders  ^  are  the  steps  of  triangular  or  taper  form  in  plan,  required  in 
turning  a  corner  or  going  round  a  curve.  The  small  ends  of  winders  are 
sometimes  called  the  quoins. 

A  Curtail  Step  is  described  at  p.  173. 

A  Flight  is  a  continued  series  of  steps  without  a  landing. 

A  Landing  *  is  the  flat  resting-place  at  the  top  of  any  flight 

A  Half  Space  is  a  landing  extending  right  across  the  width  of  the  stair. 

A  Quarter  Space  is  a  landing  extending  half  across  the  width  of  the  staircase. 

The  Going  of  a  Stair  is  the  horizontal  distance  from  the  face  of  one  riser 
to  the  face  of  the  next  riser,  and  does  not  include  the  nosing  or  the  projection 
of  the  tread  beyond  the  face  of  the  riser. 

This  term  is,  however,  sometimes  taken  to  mean  the  width  of  the  stair, 
that  is,  the  length  of  the  steps. 

The  Going  of  a  Flight  is  the  horizontal  distance  from  the  first  to  the  last 
riser  in  the  flight. 

The  Line  of  Nosings  is  tangent  to  the  nosings  of  the  steps,  and  thus 
parallel  to  the  inclination  of  the  staii\ 

Neivels  are  posts  or  columns  used  in  some  kinds  of  stairs  to  receive  the 
outer  ends  of  steps.  (See  Figs.  246,  247.)  The  name  "newel"  is  sometimes 
applied  to  the  final  baluster  on  a  curtail  stej). 

When  the  newels  surround  a  central  opening,  as  in  Fig.  249,  the  staircase 
is  said  to  have  an  "  open  newel." 

The  Handrail  is  a  rounded  or  moulded  rail,  parallel  nearly  throughout  its 
length  to  the  general  inclination  of  the  stair,  and  at  such  a  height  from  the 
steps  as  to  be  conveniently  grasped  by  a  person  on  the  stairs. 

Balusters  are  slight  posts  or  bars  supporting  the  handrail. 

Dimensions  of  Stairs. — The  dimensions  of  staircases  and  stejDs 
are  regulated  by  the  purposes  for  which  they  are  intended. 

Length  of  Steps. — Sometimes  spiral  staircases  are  constructed 
in  very  cramped  positions,  with  steps  only  1  foot  9  inches  long ; 
but,  as  a  rule,  steps  should  not  be  less  than  from  3  to  4  feet  long, 
^  Sc.  Breast.     ^  Sc.  Bottled  or  Bottle-nosed  step.    ^  Sc.  Wheeling  steps.     *  Sc.  Plat. 
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SO  as  to  allow  two  people  to  pass,  and  in  superior  buildings  they 
are  very  much  longer. 

The  stairs  in  the  illustrations  given  with  these  Notes  are  neces- 
sarily shown  narrow  for  want  of  space. 

Tread  and  Rise. — The  angle  of  ascent  for  a  stair  will  depend 
upon  the  total  height  to  be  gained  between  the  floors,  and  the 
space  that  can  be  afforded  in  plan. 

The  wider  the  step  the  less  the  rise  should  be,  as  steps  which 
are  both  wide  and  high  require  a  great  exertion  to  climb. 

Authorities  differ  slightly  as  to  the  proportion  between  the 
tread  and  riser;  the  following  table  is  given  by  Mr.  Mayer  in 
Newland's  Carpenter's  and  Joiner's  Assistant. 


Treads, 

Risers, 

Treads, 

Risers, 

inches. 

inches. 

inches. 

inches. 

5 

9 

12 

54 

6 

13 

5 

7 

8 

14 

4i 

8 

n 

15 

4 

9 

7 

16 

34 

10 

64 

17 

3 

11 

6 

18 

2i 

The  following  rule  is  often  adopted  for  steps  of  the  dimensions 
ordinarily  required  in  practice,  i.e.  those  with  treads  from  9  inches 
to  1 4  inches  wide  : — 

Width  of  tread  x  height  of  riser  =  66  inches. 

Thus  with  a  tread  of  12  inches  riser  wonld  be  5^  inches  ;  with  a  riser  of  6  inches 
the  tread  would  be  11  inches. 

The  rule  adopted  in  France,  where  they  have  given  great  atten- 
tion to  the  subject,  is  as  follows : — "  Inasmuch  as  on  the  average 
human  beings  move  horizontally  2  feet  in  a  stride,  and  as  the 
labour  of  rising  vertically  is  twice  that  of  moving  horizontally', 
the  width  of  the  tread  added  to  twice  the  height  of  the  rise  should 
be  equal  to  2  feet." 

The  proportion  that  the  tread  and  riser  bear  to  one  another 
cannot  always  in  practice  be  fixed  by  rule,  but  is  regidated  by  the 
space — as  regards  both  plan  and  height — that  can  be  afforded  for 
the  staircase. 

The  tread  of  a  step  should,  however,  never  be  less  than  9 
inches  in  width,  even  for  the  commonest  stair ;  while,  for  first-clas,s 
houses  and  public  buildings,  the  stairs  may  have  treads  from  1  2 
to  14  inches  wide. 

Flights  should,  when  possible,  consist  of  not  more  than  12  or 
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13  Steps,  after  which  there  should  be  a  landing,  so  that  \\'eak 
people  may  have  a  rest  at  short  intervals. 

Two  consecutive  flights  ought  not  to  be  in  the  same  direction 
(^see  p.  176). 

DIFFEEENT  FORMS  OF  STAIES. 

N.B.—lu  the  Figures  connected  with  stairs  the  handrail  is  drawn  in  the  eleva- 
"    tions  and  sections  in  order  more  clearly  to  show  the  direction  of  the  steps,  but 
omitted  from  the  plans  so  as  not  to  obscure  them. 

A  Straight  Stair  is  one  in  which  all  the  steps  are  parallel  to 
one  another  and  rise  in  the  same  direction — thus  a  person  ascend- 
ing moves  forward  in  a  straight  line. 

Figs.  22  1,  222,  244,  245,  show  plans  and  sections  of  straight 
staircases,  the  former  in  stone,  and  the  latter  in  wood ;  these  are 
described  at  pages  154,  165. 

Such  a  stair  is,  for  some  reasons,  very  convenient,  but  can 
only  be  used  when  there  is  a  considerable  length  of  space  avail- 
able for  the  staircase  compared  with  the  height  to  be  gained. 

When  this  is  not  the  case,  the  flights  of  steps  are  made  to  run 
in  different  directions,  so  that  they  are  doubled  up  into  a  shorter 
space. 

Flights  running  alternately  in  opposite  directions  are  found  to 
be  a  great  relief  in  ascending  a  considerable  height,  and  therefore 
a  very  long  straight  stair  is  objectionable. 

A  Dog-legged  Stair  ^  is  so  called  from  its  being  bent  or  crooked 
suddenly  round  in  fancied  resemblance  to  a  dog's  leg. 

In  this  form  of  stair  the  alternate  flights  rise  in  opposite  direc- 
tions, as  indicated  by  the  arrows  in  Figs.  223,  226,  and  247. 

The  ends  of  the  steps  composing  each  of  these  alternate  flights 
are  in  the  same  plane  with  those  of  the  other  flight,  so  that  there 
is  no  opening  or  well  hole  between  them. 

It  is  evident  that — putting  landings  out  of  consideration — 
dog-legged  stairs  require  only  half  the  length  of  staircase  that 
would  be  occupied  by  an  equal  number  of  steps  of  the  same 
size  arranged  as  a  straight  stair.  On  the  other  hand,  the  dog- 
legged  stair  requires  twice  the  width  of  the  straight  stair. 

Figs.  223-225  show  a  dog-legged  stair  in  stone  with  a  half- 
space  landing.    Figs.  246,  247  show  a  similar  stair  in  wood. 

'  This  term  is  generally  used  with  reference  to  wooden  stairs,  but  there  is  no 
distinct  name  for  stone  stairs  of  similar  form.  Stairs  with  rectangular  well  holes, 
such  as  those  in  Fig.  231,  are  sometimes  called  dog-legged. 
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In  Fig.  226  there  is  no  intermediate  landing,  the  whole  space 
being  taken  up  with  winders. 

It  will  be  noticed  that  all  the  winders  converge  to  a  point  ii: 
the  stair  itself,  so  that  they  are  very  narrow  near  this  end,  and 
most  inconvenient  to  ascend.  This  is  a  great  drawback  to  the 
dog-legged  form  of  stair,  which,  indeed,  should  never  be  used 
when  winders  are  required,  if  there  is  room  for  a  weU  hole  between 
the  flights. 

A  G-eometrical  Stair  is  one  in  which  there  is  an  opening  or 
weU  hole  between  the  backward  and  forward  flights. 

Such  a  stair  requires  of  course  a  little  more  width,  but  only 
about  the  same  length  of  space  as  a  dog-legged  stair. 

The  effect  of  the  weU  hole  is  that  the  winders  converge  to  a 
point  between  the  flights,  and  have  a  certain  amount  of  width 
even  on  the  verge  of  the  well  hole.  At  a  short  distance  inwards, 
where  the  person  ascending  places  his  foot,  the  winder  is  so 
broad  as  to  afford  a  very  convenient  tread. 

Figs.  228-230  show  a  geometrical  stair  in  stone  without  inter- 
mediate landings,  the  space  being  occupied  entirely  by  winders. 
Fig.  2  5  I  shows  a  similar  stair  constructed  in  wood."^ 

Circular  Stairs  are  composed  of  steps  contained  in  a  circular  or 
polygonal  staircase,  towards  the  centre  of  which  they  aU  converge. 

AU  the  steps  are  necessarily  winders.^ 

A  CiRCULAK  Newel  Stair  is  one  in  which  the  converging 
steps  are  supported  by  a  newel  at  the  centre  of  the  staircase.  ^ 

This  newel  may  be  either  solid  or  hollow  (see  page  159). 

A  Circular  Geometrical  Stair  is  in  form  the  same  as  the 
last  described,  but  that  there  is  no  newel.  The  steps  converge 
as  before,  but  rise  round  an  open  weU  hole  instead  of  resting 
upon  a  newel  (page  160).  ° 

STONE  STAIES. 

Stone  Stairs  have  an  advantage  over  those  of  wood,  inasmuch 
as  they  are  much  simpler  in  construction,^  but  the  steps  are  heavy 
and  require  substantial  waUs  for  their  support ;  moreover  they 
become  smooth  under  the  friction  of  continued  wear,  and  then 
are  slippery  and  dangerous. 

Stone  Steps  are  generally  solid  blocks,  and  should  be  worked  on 

^  Sc.  Wheeling  steps. 

«  ^angng  stone  steps  are  soon  destroyed  by  fire;  the  part  exposed  to  the  heat 
expands,  that  imbedded  in  the  wall  does  not.  hence  the  steps  snap  off  at  the  wall 
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the  tread  and  rise,  the  former  being  for  external  steps  slightly 
weathered,  or  the  stone  set  with  a  slight  inclination  outwards.^ 
In  superior  buildings  the  sofiat  also  is  worked,  and  the  nosing 
may  be  moulded,^  as  shown  in  Fig.  219. 

Steps  and  landings  that  cannot  be  got  out  in  one  stone  must 
be  of  pieces  jointed,  joggled,  and  plugged  together;  in  some  cases 
it  is  necessary  to  support  the  landings  on  girders.  Stone  steps 
are  sometimes  formed  with  thin  flags  forming  treads  and  risers, 
similar  to  those  of  wooden  steps.  Such  steps  require  no  further 
description.    The  following  remarks  refer  to  solid  steps. 

Square  Steps  are  rectangular  in  section,  as  shown  in  Y\o.  218. 


The  hatched  portion  of  these  figures  is  in  section,  the  remainder  in  elevation. 

Spandril^  Steps  have  the  lower  side  cut  away  so  as  to  form 
a  raking  soffit,  as  in  Fig.  219;  this  is  sometimes  useful  wliere 
headway  is  required  under  the  stairs,  it  also  makes  the  steps 
lighter,  and  is  considered  to  have  a  better  appearance. 

Fixing  Stone  Steps. — Stone  steps  may  in  some  forms  of 
staircase  be  supported  at  both  ends  by  walls ;  in  other  cases  one 
end  only  of  each  is  built  into  the  wall;  these  latter  are  caUed 
hanging  steps. 

The  lowest  step  of  a  stair  is  sometimes  sunk  slightly  into  the 
ground  to  prevent  it  from  sliding  on  its  bed. 

Steps  supported  at  both  ends  are  of  most  simple  construction, 
The  stone  is  rectangular  in  section,  of  a  height  exactly  equal  to  the 
rise,  and  in  width  a  little  more  than  that  of  the  tread  (Fig.  221). 

They  are  about  12  inches  longer  tlian  the  width  of  the°stair,  so 
that  a  length  of  6  inches  at  each  end  is  built  into  the  adjacent  walls. 

When,  however,  these  walls  do  not  rise  higher  than  the  sides  of 
the  stair,  the  steps  are  of  a  length  exactly  equal  to  the  ^vidth  of  the 
stair,  and  the  ends  are  supported  by  waUs  built  underneath  them, 

1  Sc.  this  inclination  is  called  the  MU  of  the  stone.     ^  Sc.  Bottled  or  Bottle-nosed. 
^  Sometimes  called  Feather-edged  steps. 
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Hanging  Steps  are  each  fixed  at  one  end  only ;  the  outer  end 
projects  and  is  without  support  other  than  that  afforded  by  the 
steps  below  it. 

The  fixed  ends  of  hanging  steps  should  be  let  into  the  wall 
about  9  inches,  and  very  solidly  and  firmly  built  in. 

As  each  step  is  supposed  to  depend  to  a  certain  extent 
on  the  support  of  the  step  below  it,  the  joint  between  the  two 
is  so  made  that  the  pressure  may  be  transmitted  from  one 
step  to  the  other,  and  the  parts  in  contact  may  be  kept  from 
slipping. 

In  square  steps  this  is  often  done  by  cutting  a  rebate^  (R 
Fig.  218)  along  the  lower  edge  of  the  front 
of  each  step,  iuto  which  fits  the  upper  edge 
of  the  back  of  the  step  above,  or  a  deeper 
rebate  nuiy  be  formed  along  the  lower  edge  . — 
of  the  breast  of  each  step,  and  the  back-  \ 
joint  cut  off  at  right  angles  to  the  soffit,  as  ' 
shown  at  Y  Y  in  Fig.  220. 

If  the  ends  of  the  steps  are  securely  built  into  the  wall  the 
steps  cannot  slide,  and  the  rebate  is  of  very  little  use ;  in  fact,  in 
the  very  best  work  it  is  sometimes  omitted,  unless  the  steps  have 
a  low  rise,  and  would  otherwise  be  too  thin  to  bear  the  weight 
upon  them,  in  which  case  their  thickness  can  be  increased  by  in- 
troducing the  rebate.  . 

A  plain  chamfered  joint  at  right  angles  to  the  soffit,  like  that 
in  Fig.  220  but  without  the  rebate,  is  sometimes  used. 

Hanging  steps  may  be  built  in  as  the  waU  is  carried  up; 
or,  to  avoid  risk  of  damage  to  the  steps,  indents  about  9  inches 
deep  may  be  left  in  the  walls,  and  the  steps  inserted  afterwards  ; 
they  should  be  pinned  in  with  cement,  and  iron  packing  of  hoop 
iron,  pieces  of  old  saws,  etc. 

Sometimes  about  12  inches  of  the  waUing  above  and  belo^ 
the  steps  is  built  in  cement. 

Different  Arrangements  of  Stone  Stairs.^ — Straight  Stairs. 
— Figs.  221,  222  show  a  straight  stair  composed  of  square  steps 
supported  at  each  end  by  being  built  into  the  side  walls. 

Fig.  222  is  a  horizontal  sectional  plan  (looking  downwards) 
through  step  No.  12. 

The  steps  have  9  inches  tread,  and  7  inches  rise,  and  between 
the  flights  (each  consisting  of  9  steps)  is  placed  a  landing. 

^  Sc.  Pieml-Check.  ^  Figs.  221-237  are  on  a  scale  of  |  incli  =  l  foot. 
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Fig.  222.  P/an. 

Dog-Legged  Stairs  in  stone  ^  are  generally  composed  of  hang- 
ing steps,  the  inner  ends  of  which  are  firmly  buUt  into  the  walls 


Sectional  Elevation  on  A  B. 
Fig.  224. 


of  the  staircase,  while  the  outer 
ends  of  one  flight  are  in  the 
same  plane  as  those  of  the  other 
flight. 

Fig.  223  is  a  sectional  plan 
(looking  downwards)  on  the  six 
teenth  step.  Fig.  224  is  a 
sectional  elevation  on  the  line 
A  B,  through  the  lower  flight ; 
and  Fig.  225  is  a  front  eleva- 
tion of  the  stairs,  showing  the 
front  of  the  lower  flight  and  the 
back  of  the  upper  flight  of  steps 


^  See  Note,  page  1,51. 
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The  stairs  in  Fig.  223  are  shown  with  a  half-space  landing ; 
but  if  the  same  height  has  to  be  gained  when  there  is  a  smaller 
space  available  for  the  staircase,  winders  may  be  added  so  as  to 
have  only  a  quarter-space  landing,  similar  to  that  in  Fig.  249,  or 
the  whole  space  may  be  occupied  by  winders  as  in  Fig.  226. 

Winders  would  be  necessary  also  in  case  a  greater  height  had 
to  be  gained,  without  increasing  the  area  of  the  staircase. 


Pig.  227. 

Figs.  226,  227  show  a  dog-legged  stair  with  winders  com- 
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municatiug  between  three  floors,  These  figures  make  clear  the 
importance  of  having  a  sufficient  headway  between  the  flights 
running  in  the  same  direction  (see  x  y),  and  also  between  the 
landings  (see  op). 

A  Geometrical  Stair  in  stone  consists  entirely  of  hanging 
steps,  the  outer  ends  of  which  are  built  into  the  walls  of  the 
staircase,  while  the  inner  ends  abut  upon  the  well  hole  of  the 
stair,  having  no  support  but  that  derived  from  their  successive 
connection,  until  they  reach  the  floor. 

Figs.  228,  229,  230  give  illustrations  of  a  geometrical  stair 


Plan. 
Fig.  228. 


Elevation. 
Fig.  230. 


in  Stone,  with  a  narrow  well  hole, 
having  a  semicircular  end.  Fig. 
228  is  a  sectional  plan  made 
through  the  sixteenth  step  looking 
downwards;  Fig.  229  a  vertical 
section  through  the  lower  flight, 
and  elevation  of  the  upper  flight 
beyond;  and  Fig.  230  a  front  ele- 
vation of  the  staircase,  showing 
the  faces  of  the  risers  of  steps  of 
lower  flight,  and  the  backs  of  the 
steps  of  the  upper  flight. 
The  stair  is  constructed  with  spandril  steps,  and  without  a 
landing,  except  at  the  floors,  the  space  being  entirely  filled  with 
winders,  the  improved  form  of  which,  as  compared  with  the 
triangular  winders  of  the  dog-legged  stair,  will  be  evident  upon 
comparing  Fig.  228  with  Fig.  226. 

Fig.  2  3 1  shows  a  geometrical  stair  adapted  for  a  large  and 
wide  staircase. 


Sectional  Elevation  on  A  B. 
Fig.  229. 
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This  stair  consists  of  tliiee  flights  and  two  quarter-space  land- 
higs,  besides  a  large  and  wide  landing  (to  which  the  staii'S  lead) 
on  the  level  of  the  floor  above. 

The  position  and  direction  of  the  steps  will  be  easily  under- 


Fig.  231. 


Stood  from  the  plan,  without  elevations,  sections,  or  further  expla- 
nation. 

In  some  cases  the  inner  corners  of  the  quarter-space  landings 
abutting  on  the  well  hole  are  cut  off  and  made  in  plan  of  a 
quadrant  shape,  by  which  the  curve  of  the  handrail  is  improved 
at  these  points. 

Such  a  stair  takes  up  a  great  deal  of  room,  and  is  only  suitable 
for  large  and  important  buildings,  where  sufficient  space  can  be 
aflbrded  for  the  staircase. 

In  Fig.  231  a  landing  of  the  whole  width  of  the  staircase  is 
shown  at'' the  level  of  the  29  th  step.  Of  course,  if  the  arrange- 
ments required  it,  a  quarter  space  landing  at  this  point  would  be 
sufacient;  from  it  would  lead  a  flight  parallel  to  steps  10  to  18, 
and  running  in  the  opposite  direction. 

CiiicULAE  STiURS  in  stone  may  be  composed  either  of  steps 
supported  at  -both  ends,  or  of  hanging  steps  converging  towcard 
a  weU  hole ;  in  either  case,  of  course,  aU  the  steps  are  winders. 

Circular  Newel  Stairs  consist  of  square  steps  supported  by 
the  waU  at  one  end,  and  at  the  other  end  by  a  "  newel"  or  column 
of  masonry,  toward  which  they  converge  in  the  centre. 
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This  newel  may  be  either  hollow  or  solid. 

Fig.  232  shows  an  example  of  a  circular  stair  with  a  hollow 
newel,  consisting  of  a  brick  cylindrical  shaft  into  which  the  inner 


Fig.  232. 


ends  of  the  steps  are  pinned,  the  other  ends  being  built  into  the 
outer  wall  of  the  staircase. 

In  some  cases  a  thin  wall  is  built  round  the  centre  newel,  and 
also  round  the  inside  of  the  external  wall,  to  support  the  ends  of 
the  steps,  instead  of  building  them  in. 

A  very  common  construction,  especially  for  circular  staircases 
of  small  diameter  such  as  those  in  turrets,  is  shown  in  Figs. 
233,  234. 


Fig.  233.  Fig.  234. 

Each  step  is  worked  in  the  form  shown  in  Fig.  235,  with  a 
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circular  portion  on  the  inner  end,  having  a  diameter  equal  to  that 
of  the  intended  newel. 

As  the  steps  are  built  up  the  outer  ends  are  secured  in  the 
wall  of  the  staircase,  while  the  circular  portions  at  the  inner 
extremity,  being  laid  one  upon  another,  give  the  step  the  required 
support,  and  form  the  newel  of  the  stair. 

CiRCULAE  Geometrical  Stairs  consist  entirely  of  hanging 
winders  built  into  the  outer  wall  of  the  staircase,  and  converging 
toward  an  open  circular  well  hole  down  the  centre. 


pia/fi^  Sectional  Elevatim  on  A  B  C  D. 

Fig.  236.  Fig-  237. 

Figs.  236,  237  show  illustrations  of  such  a  stair.  Fig.  236 
being  a  sectional  plan  on  No.  20  step,  and  Fig.  237  a  sectional 
elevation. 

The  steps  are  of  spandril  section,  except  No.  1,  which  is  neces- 
sarily square  or  it  would  have  a  very  narrow  base  to  rest  upon. 
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al 

Laths     .       .  . 

I 

B 

Outer  strings  . 

.  OS 

h 

Pitching  piece . 

.  P 

hi 

Plaster  .... 

.  pi 
r 

Br 

Riser  .... 

ij 

Rough  brackets 

.  rh 

cb 

Rough  strings  . 

.  RS 

fi 

Soffit  joists 

•  V 

f 

Tread  .... 

t 

Trimmer  . 

.  T 

HR 

Trimming  joists  of  floor  , 

.  TJ 

J 

Wall  strings  . 

.  WS 

Wooden  Steps  are  lighter  than  those  of  stone,  and  do  not 
require  such  strong  supports.  They  are  also  more  elastic,  and  do 
not  become  so  smooth  under  wear  as  to  be  dangerous. 

On  the  other  hand,  they  are  subject  to  decay,  they  may  be 
more  rapidly  destroyed  in  case  of  a  fire,  and  may  thus  cut  off  all 
exit  from  the  upper  floors. 

Letters  of  reference  in  the  figures  connected  with  wooden 
stairs : — 

Apron  lining 
Balusters 
Bearers  . 
Blocks 
Brackets . 

Bridging  joists  of  floor 
Cross  bearers 
Fillets  . 
Furrings  . 
Glued  block 
Handrail . 
Joists  of  landing 

iV.i?.— The  handrails  are  shown  in  the  elevations  in  order  to  make  the  direction 
of  the  steps  more  plainly  evident;  but  they  are  omitted  in  the  plans  for  fear  oi 
rendering  them  ohscm-e.  The  skirtings  are  also  omitted  from  the  plans.  The  plaster 
of  the  wall  IS  also  omitted  from  both  plans  and  sections  of  the  figures  on  a  small  scale. 

Parts  of  Wooden  Stairs— StrIx\gs  ^  are  thick  boards  or  pieces 
of  tunber  placed  at  an  inclination  to  support  the  steps  of  a  wooden 
stair. 

Cut  Strings.—Wooden  stairs  of  the  commonest  description  are 
thus  constructed.  2 

Two  "  strings,"  SS,  are  fixed  at 
the  slope  determined  upon  for 
the  stairs;  in  these  rectangular 
notches  are  cut,  each  equal  in 
depth  to  the  rise,  and  in  width 
nearly  equal  to  the  tread  of  a  step: 
upon  these  boards  are  nailed, 
forming  the  treads,  t,  and  risers,  r. 

Cut  and  Mitred  Strings. —  In 
stairs  of  a  better  description  the 


Fig.  238. 


^  Sc.  Stringers. 

Stairs  of  this  construction  are  never  used  in  ordinary  house-building 

B.C. — II  °; 
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outer  strings  are  cut  as  above  described ;  but  the  ends  of  the 
risers,  instead  of  coming 
right  through  and  showing 
on  the  outer  surface  of  the 
string,  are  mitred  against 
the  vertical  part  of  the 
notch  in  the  string,  as 
shown  at  aa  in  Fig.  240, 
tlie  other  end  of  the  step 
being,  as  before,  housed 
into  a  groove  formed  in 
the  wall  string. 

The  outer  extremity  of 
the  tread  is  also  cut  and 
mitred,  as  shown  in  Fig. 
240,  to  receive  a  return 
moulding,  forming  the 
nosing  of  the  end  of  the 
step. 

BB  show  the  mortises 
for  the  balusters,  which 
should  be  dovetailed  into 
the  treads  ;  ^  the  dovetails 


TS 


_5  ES 


20s 


Fig.  240.    Plan.    Scale,  \  iucli  =  l  foot. 


may  be  formed  as  at  x  or  as  at  y,  Fig.  239 

Housed  Strings. — In  many  staircases  the  strings,  instead  of  being 
notched  out  to  receive  the  steps,  are  left  with  their  upper  surfaces 
parallel  to  the  lower,  and  grooves  are  cut  into  their  inner  sides  to 
receive  the  ends  of  the  treads  and  risers ;  these  grooves  are  called 
"  housings,"  and  the  steps  are  said  to  be  "  housed  "  into  the  strings. 

Fig.  242  is  an  elevation  of  the  inner  side  of  a  housed  string, 
showing  the  sinkings  or  housings  formed  to  receive  the  steps. 


Fig.  241. 


Fig.  242 


Scale,  i  incli  =  l  foot. 


Fig.  241  is  a  sectional  elevation  through  the  steps,  showing  the 

'  In  speculative  work  the  ends  of  balusters  are  simply  skew-nailed  to  the  treads 
or  let  into  them  without  dovetailing,  so  that  the  balusters  simply  hang  from  the 
handrail. 


WOODEN  STAIRS.  X63 

treads,  t,  and  the  risers,  r,  in  position.  These  are  secured  by  means 
of  wedges,  x  y,  which  should  be  well  covered  with  glue  before 
insertion. 

The  treads  are  sometimes  formed  with  two  tenons  at  each  end, 
which  fit  into  mortises  cut  through  the  string. 

Open  Strings  are  those,  such  as  the  cut  strings,  or  cut  and  mitred 
strings,  described  above,  which  are  cut  so  as  to  show  the  outline  ol 
the  steps. 

Close  Strings  have  their  upper  and  lower  surfaces  parallel,  the 
steps  being  housed  into  them  as  above  described  (see  Fig.  241). 

A  Wreathed  String  is  one  formed  in  a  continuous  sweep  round 
the  well  hole  of  a  geometrical  stair. 

The  Wall  String  is  the  string  up  against  the  wall,  and  plugged 
to  it.     WS,  Fig.  248. 

The  Outer  String  is  the  string  at  the  end  of  the  steps  farthest 
from  the  wall.    OS,  Fig.  248. 

Rough  Strings. — With  stout  treads  and  risers  the  two  strings 
above  mentioned  are  sufficient  for  stairs  of  3  or  4  feet  in  width. 

For  wider  stairs,  however,  the  steps  require  additional  support, 
and  this  is  afforded  by  means  of  one  or  more  "  rough  strings," 
or  "  carriages"  fixed  in  the  interval  between  the  wall  string  and 
outer  string,  already  described. 

Two  rough  strings  are  shown  in  Fig.  245,  for  the  sake  of 
illustration,  but  one  only  would  be  necessary  in  so  narrow  a  stair- 
case ;  one  rough  string  is  shown  in  Fig.  247. 

The  scantling  for  rough  strings  may  be  about  the  same  as  those 
for  bridging  floor-joists  of  the  same  length  (see  p.  141,  Part  I.) 

The  rough  strings  sometimes  have  small  notches  on  their  upper 
surfaces  to  receive  the  back  edge  of  the  tread,  and  their  ends 
are  attached  to  trimming  joists  TJ  (see  Figs.  244,  etc.),  or  into 
pitching  pieces  P  (Fig.  251),  or  trimmers  T  (Fig.  245),  where 
trimming  joists  are  not  available. 

Wooden  Steps  are  formed  of  boards,  as  shown  in  Fig.  243. 
The  risers  are  united  to  the  treads  by  joints,  which  may  be 
grooved  and  tongued,  as  in  steps  5,  6 — feathered  as  in  step  4 — 
or  rebated,  as  No.  3  ;  in  every  case  the  joint  is  glued.  The  riser 
often  has  only  its  upper  end  tongued,  the  lower  butting  upon  the 
tread  below.  This  is  not  so  good  a  construction  as  that  shown  at 
3.  A  common  practice  is  to  house  the  lower  edge  of  the  riser 
into  the  tread  below,  as  at  x.  The  tread  is  sometimes  tongued 
into  the  riser,  but  that  is  not  a  good  construction. 
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The  joint  between  the  tread  and  riser  is  strengthened  by  small 


6 


blocks,  hi,  glued  into  the  inner  angle,  as  shown  in  steps  3  and  4  ; 
these  may  be  either  rectangular  or  triangular  in  section. 

The  inner  ends  of  the  treads  rest  upon  the  rough  strings,  ES  (if 
any),  and  they  are  frequently  further  supported  by  rough  brackets, 
rh,  attached  to  the  rough  strings  or  carriages. 

These  brackets  may  be  pieces  nailed  alongside  tlie  string,  as 
in  steps  1,  2,  3,  4,  or  triangular  pieces  fixed  to  its  upper  sur- 
face, as  in  5  and  6. 

Occasionally  vertical  brackets  are  made  of  a  width  equal  to 
that  of  the  tread  of  the  step,  as  at  xy  in  Fig.  246. 

Tn  some  cases  a  board  is  notched  out  like  a  cut  string  and 
nailed  alongside  the  rough  string,  to  answer  instead  of  the  rough 
brackets  (see  Fig.  250). 

The  treads  project  over  the  risers  and  are  finished  with  a 
rounded  or  a  moulded  nosing,  the  projection  of  tlie  nosing  being 
generally  equal  to  the  thickness  of  the  tread.  When  a  moulded 
nosing  is  adopted  with  an  open  string,  the  moulding  is  returned 
at  the  end  of  the  step,  being  mitred  at  the  angle,  as  shown  at 
Fig.  240. 

The  mouldings  are  generally  planted  on  under  the  rounded 
nosing  of  the  tread. 

The  treads  should  be  of  oak  or  other  hard  wood,  and  may  be 
1^  inch  thick  for  steps  4  feet  long — the  thickness  being  in- 
creased by  -I  inch  for  every  6  inches  added  to  the  length  of  the 
step. 

In  very  common  stairs  the  risers  are  sometimes  dispensed 
with. 

In  some  cases,  especially  in  geometrical  stairs  of  a  Idgh  class 
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the  upper  edges  of  the  risers  are  dovetailed  to  the  treads,  and  the 
back  of  the  treads  screwed  up  to  the  lower  edge  of  the  risers. 

Different  Forms  of  Wooden  Stairs. — STRAIGHT  STAIRS. —  In 
very  narrow  stairs  of  ordinary  construction,  with  a  wall  on  one 
iside  only,  the  following  is  the  arrangement  usually  adopted. 

Two  grooved  strings,  OS  and  WS,  Fig.  245,  are  placed  at  the 
required  slope,  and  at  a  distance  apart  equal  to  the  length  of 
the  steps. 

The  wall  string,  WS,  is  fixed  by  being  plugged  to  the  wall. 
The  ends  of  the  treads  and  risers  are  keyed  into  the  housings  or 
grooves  worked  in  the  inner  and  outer  strings. 

The  upper  and  lower  ends  of  these  strings  are  framed  into 
Dewel  posts,  and  so  are  the  outer  ends  of  the  first  and  last  risers 
of  each  flight.  When  the  flight  of  steps  extends  uninterruptedly 
from  the  lower  to  the  upper  floor,  these  newels  are  attached  to 
trimming-joists,  TJ,  provided  in  the  floors  to  receive  them. 

When  the  flight  is  broken  by  a  landing,  additional  newel  posts 
are  provided  on  each  side  of  the  landing,  and  extending  the  full 
depth  between  the  floors,  as  in  Tig.  244. 

To  these  are  secured  the  trimmers,  T,  fixed  and  wedged  into 
the  wall,  and  projecting  from  it  to  carry  the  landing. 

As  already  mentioned,  the  two  strings  are  sufficient  for  stairs 
with  stout  treads  and  risers  up  to  a  width  of  3  or  4  feet.^ 

For  wider  stairs,  however,  additional  support  to  the  steps  is 
necessary,  and  this  is  afforded  by  one  or  more  rough  strings 
(RS,  Fig,  245)  or  carriages  placed  in  the  interval  between  the 
strings  already  described. 

The  ends  of  these  rough  strings  are  framed  or  housed  into  tlie 
trimming-joists  provided  to  receive  them  in  the  floors,  between 
which  the  stairs  extend. 

When  there  is  a  landing  the  upper  ends  of  the  rough  strings 
are  fixed  to  the  special  trimmers  which  carry  the  landing. 

The  treads  are  further  supported  by  rough  brackets  rh.  Fig. 
244,  secured  to  the  rough  strings. 

The  landing  itself  is  formed  like  a  floor,  of  boards  laid  upon 
joists  framed  in  between  the  trimmers  just  mentioned. 

When  there  is  a  wall  on  each  side  of  the  steps,  of  course  the 
newels  are  not  required. 

When  the  floor  is  continued  under  the  lowest  flight  of  a  stair, 
the  space  between  the  soffit  of  the  stairs  and  the  floor  is  called 
the  spandril. 

^  When  the  outer  string  is  a  cut-string  it  is  never  desirable  to  omit  the  carriage, 
however  narrow  the  stair  may  be,  as  it  would  cause  creaking,  if  not  positive  weakness. 
Even  when  both  strings  are  close  a  carriage  is  an  advantage. 


Plan  {with  treads  and  hoarding  removed). 
Fig.  245. 

Figs.  221,  222.    Straight  Staiks.    Scale,  \  inch  =  l  foot. 
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This  space  is  often  utilised  as  a  cupboard  by  euclosing  it  with 
a  pauelled  front  (containing  a  door,  and  sometimes  a  window), 
known  as  the  spandril  framing. 

Dog-legged  Stairs. — Fig.  247  is  the  plan  of  a  dog-legged 
stair  with  a  half-space  landing.  The  treads  of  the  steps  in  the 
low^er  flight  are  omitted,  so  as  to  show  the  strings  and  risers.  A 
portion  of  the  steps  of  the  upper  flight  is  broken  away  in  order 
to  expose  to  view  the  construction  of  the  flight  below. 

In  this  stair  the  wall  string,  WS,  and  outer  string  board,  OS, 
are  constructed  as  before,  with  intermediate  rough  strings  if 
necessary. 

The  outer  strings  are  tenoned  into  the  newels,  and  so  are  the 
first  and  last  risers  of  the  flight. 

The  outer  string  of  the  upper  liight  and  that  of  the  lowei 
flight  are  in  the  same  vertical  plane,  so  that  if  the  plan  of  the 
upper  flight  were  complete  the  outer  string  of  the  upper  flight 
would  overlap  and  hide  the  outer  string  of  the  lower  flight. 

In  the  same  way,  if  the  number  of  steps  in  each  flight  were 
the  same,  the  newel,  N3,  of  the  upper  flight  would  in  plan  exactly 
cover  the  newel,  N,  of  the  lower  flight,  being  immediately  over  it. 

The  handrail  in  the  plan  is  omitted  as  before. 

Fig.  246  gives  the  elevation  of  the  upper  flight,  and  the 
section  of  the  lower  flight  of  the  stairs  shown  in  Fig.  247  ;  but 
no  portion  of  the  elevation  is  broken  away,  and  the  treads  of  the 
lower  flight  are  shown  in  section,  though  omitted  from  the  plan. 

The  newels  are  fixed  to  trimming  joists  TJ,  provided  in  the 
floors,  and  to  trimmers  T  across  the  staircase  at  the  landing. 

The  rough  strings,  ES,  are  framed  in  between  these  trimmers, 
and  rough  brackets,  rb  rh,  are  nailed  alongside  of  them  to  support 
the  steps. 

The  tread  of  the  top  step  is  frequently  united  to  the  boarding 
of  the  landing  by  a  rebated  joint.  This  is  advisable  if  the  space 
below  the  steps,  known  as  the  spandril,  is  to  be  made  use  of  as  a 
cupboard.  In  such  a  case  the  landing  and  the  parts  of  all  the 
steps  should  be  put  together  with  tongued  joints,  so  that  dust  may 
be  prevented  from  getting  through  them.  Such  joints  are  often 
used  in  superior  work  even  when  there  is  no  cupboard  below. ^ 

Kewel  Staiks  is  another  name  given  to  dog-legged  stairs, 
because  the  newels  form  a  conspicuous  part  of  the  structure. 

1  It  is  move  cleanly  to  lath  and  plaster  soffits  of  stairs  even  in  cupboards. 
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fig.  246.    Sectional  Elevation  ore  A  B. 


Plan. 
Fig.  247.  ■ 

Figs.  246,  247.    Dog-Legged  Stairs.    Scale,  ^  iiich  =  l  foot. 
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Open  Newel  Stairs  have  newels  arranged  round  an  opening 
or  well  hole  in  the  centre  between  the  flights  of  steps. 


Sectional  Elevation  on  A  B. 
Fig..  248. 


Plan. 
Fig.  249. 

Figs.  248,  249.    Open  Newel  Stairs.    Scale  i  inch  =  1  foot. 

Fig.  249  shows  the  plan  of  such  a  stair,  with  a  quarter-space 
landing. 
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The  boarding  of  the  landing  and  the  treads  of  the  lower 
flight  are  omitted  on  plan,  in  order  to  show  the  construction 
below. 

Fig.  248  is  a  sectional  elevation  on  A  B.  The  treads  oi 
the  lower  flight  are  shown  in  elevation  though  omitted  from 
plan. 

The  construction  of  the  straight  portion  of  the  stairs  is  similar 
to  what  has  already  been  described.  The  winding  steps  ai-e 
constructed  as  follows  : — 

Bearers,  hb,  carrying  the  risers,  rr,  are  framed  into  the  newels, 
their  outer  ends  resting  in  the  wall  of  the  staircase.  Between 
them  are  fixed  cross  bearers,  cb.  These  would  not  be  necessary 
in  a  narrow  staircase,  but  are  inserted  in  Fig.  249  for  the  sake 
of  illustration. 

In  this  example  four  winders  are  introduced  to  show  the 
defects  of  such  an  arrangement  as  pointed  out  at  page  178. 

In  Figs.  249,  25  I  the  skirting  is  omitted  in  that  portion  of  the 
plan  where  the  treads  are  shown. 

Geometrical  Stairs  have  no  newe],  posts.  The  flights  are 
arranged  around  a  well  hole  in  the  centre — sometimes  called 
an  "open  newel" — and  each  step  is  secured  by  having  one 
end  housed  into  the  wall  string,  the  other  end  resting  upon 
the  outer  string,  but  partly  deriving  support  from  the  step 
below  it. 

The  handrail  is  uninten-upted  in  its  course  from  top  to 
bottom. 

The  treads  for  geometrical  stairs  should  be  substantial. 

The  string  may  be  greatly  strengthened  by  a  flat  iron  bar 
screwed  to  its  under  side. 

Figs.  250,  251  give  a  plan  and  sectional  elevation  of  a  geo- 
metrical stair  with  winders. 

The  portion  of  the  staircase  shown  in  Fig.  2  5 1  consists  of 
six  fliers,  then  eight  winders,  then  seven  more  fliers,  making 
22  steps,  leading  to  a  half-space  landing  on  the  floor  above; 
from  this  the  stairs  again  rise,  commencing  with  the  step 
marked  23,  the  remainder  being  broken  off  to  show  the  first 
flight. 

The  treads  of  the  lower  flight  and  winders  are  also  omitted,  in 
order  to  show  the  supports  below. 

The  steps  are  formed  in  the  way  described  at  page  163,  with 
{j.n  this  case^  feather-tongued  joints  between  the  treads  and  riserc. 
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The  handrail  has,  as  before,  been  omitted  from  the  plan  for 
the  sake  of  clearness. 

The  treads  and  risers  are  housed  into  the  wall  string,  the  outer 
ends  resting  upon  a  cut  and  mitred  string,  and  intermediate  sup- 
port is  afforded  by  a  rough  string,  to  the  side  of  which  is  nailed 
a  rough  notched  bracket,  cut  to  fit  the  under  side  of  the  steps,  and 
to  serve  instead  of  brackets. 

The  strings  themselves  are  framed  in  between  the  trimming 
joists  provided  in  the  floors,  and  pitching  pieces,  P,  projecting 
from  the  wall  at  the  level  of  the  first  and  last  winders ;  one  of 
tliese  latter  is  shown  at  P,  but  the  other  is  covered  by  the 
fifteenth  step. 

The  trimming  joist  just  below  No.  1  step  extends  of  course 
right  across  the  staircase — but  it  is  in  the  plan  (Fig.  251)  sup- 
posed to  be  broken  off  just  under  the  outer  string  in  order  to 
avoid  confusing  the  plan  of  the  curtail  step. 

The  winders  are  supported  throughout  their  length  by  bearers, 
hh,  the  inner  ends  of  which  are  built  and  wedged  into  the  wall 
of  the  staircase,  the  outer  ends  being  tenoned  into  the  circular  or 
wreathed  portion  of  the  outer  string. 

The  risers  are  nailed  to  these  bearers,  and  the  widest  ends 
of  the  steps  are  supported  by  cross  bearers  dovetailed  in  between 
the  risers  and  the  longitudinal  bearers  above  mentioned. 

The  lowest  step  of  this  staircase  is  formed  with  a  curtailed  end 
which,  when  the  tread  is  on,  in  form  somewhat  resembles  that 
shown  in  the  stone  staircase.  Fig.  231. 

In  this  illustration,  however,  the  tread  of  the  curtail  step  has 
been  omitted  in  order  to  show  the  construction  of  the  riser  below, 
which  is  built  up  in  a  curved  form,  terminating  in  a  circular 
block,  which  forms  the  base  to  support  the  last  baluster  or  newel. 

The  inner  side  of  the  staircase  is  finished  and  embellished  by 
a  skirting  notched  on  the  under  side  to  fit  the  steps,  and  secured 
to  narrow  grounds  plugged  to  the  wall. 

In  some  cases  two  cross  bearers  are  provided  for  each  winder, 
one  being  framed  in  between  the  longitudinal  bearers  in  the  centre 
as  well  as  that  at  the  wide  end,  as  in  Fig.  249. 

If  very  thick  treads  are  used,  the  bearers  and  rough  strings 
may  be  omitted  altogether,  the  steps  being  wedged  into  the  wall  and 
projecting  without  further  support  till  they  reach  the  outer  string. 

Fig.  252  is  a  portion  of  a  stair  similar  to  that  in  Fig.  250, 
but  with  different  descriptions  of  joints  between  the  treads  and 
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risers,  enlarged  in  order  to  show  the  plaster  and  other  details. 


which  could  not  be  made  clear  upon  a  very  small  scale. 

Solid  steps,  like  those  of  stone,  are  sometimes  formed  in  wood 
for  geometrical  staircases,  and  make  strong  hut  expensive  work. 

A  Bracketed  Stair  is  one 
g  which  has  ornamental  brackets,  B, 

(Fig.  2  5  3)  fixed  on  to  the  end  ol 
each  step  above  the  outer  string 
and  mitred  to  the  outer  end  of 
the  riser. 

They  are  put  on  merely  for 
the  sake  of  appearance,  and  play 
no  part  in  supporting  the  steps. 
A  Curtail  Step  is  one  of  which 
the  end  is  projected  or  curved  (as  shown  in  Fig.  228)  to  receive 
the  newel  balusters  that  support  the  scroll  terminating  the  handrail 
It  is  not  unusual,  especially  in  stone  stairs,  to  make  the  last 
two  steps  of  curtail  form,  as  shown  in  Fig.  231;  in  some  cases 
three  or  more  steps  are  curtailed. 

When  the  end  of  the  step  is  circular  it  is  called  a  round-ended  step. 
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Carriages  is  a  general  name  applied  to  tlie  rough  timbers,  su(  h 
as  strings,  etc.,  used  for  supporting  a  stair, 

To  avoid  framing  in  bearers  for  every  winding  step,  two  or 
three  carriages  are  sometimes  fixed,  as  shown  in  Fig.  256,  across 
the  staircase,  parallel  to  the  fliers ;  to  these  carriages  are  attached 
rough  brackets  for  support  of  the  winders,  wherever  the  latter 
happen  to  cross  them. 

Handrailing. — The  height  of  the  handrail  should  not  be 
uniform  throughout,  but  varied  slightly  within  the  limits  of  a  few 
inches,  so  as  to  secure  a  graceful  line  at  the  changes  of  inclination. 

The  handrail  should  be  higher  on  the  landing,  where  the 
person  using  it  is  erect,  than  on  the  steps,  where  he  will  be  in- 
clining either  forward  or  backward,  according  as  he  is  ascending 
or  descending  the  stairs. 

[The  lieight  from  the  treads  (at  the  nosings)  to  the  upper  surface  of  the  handrail 
should  be  2  feet  1\  inches  ;  to  this  there  should  be  added  at  the  landings  the  height 
of  half  a  riser.  — Newlatid.  ] 

For  winding  stairs  regard  should  be  had,  in  adjusting  the  height 
of  the  rail,  to  the  position  of  the  person  using  it — who  may  be 
thrown  farther  from  it,  not  only  by  the  narrowness  of  the  treads, 
but  by  the  oblique  position  of  the  risers. 

The  handrail  should  be  raised  over  winders,  especially  those 
of  a  steep  pitch. 

Mcholson  recommends  that  the  upper  surface  of  the  hand- 
rail should  have  a  diameter  of  2^  inches;  but  the  sizes  vary 
greatly — 3  or  2>\  inches  by  2  or  2-J  deep  being  common  dimen- 
sions, while,  for  very  important  staircases,  the  handrail  may  be 
6^4  inches,  or  even  larger. 

The  different  sections  of  handrails  are  distinguished  by  pecu- 
liar names,  according  to  their  shape,  such  as  "  Mopstick  handrail," 
a  nearly  circular  form ;  "  Toad's  back,"  which  has  a  flattish,  curved 
upper  surface,  etc.  etc. 

The  handrail  may  be  secured  to  the  balusters  by  means  of  a 
flat  bar  of  wrought -iron  about 
;^-inch  thick,  and  in  width  equal 
to  that  of  the  top  of  the  baluster. 

This  bar,  C  in  Figs.  254,255, 
is  called  a  "  core"   and  it  is  ^ 
screwed  down  upon  the  heads  Fig.  254.  Fig.  255. 

of  the  balusters,  and  up  to  the  Scale,  2  inches  =  1  foot, 

under  side  of  the  handrail,  as  shown  in  the  figure,  which  repre- 
sents a  piece  of  the  horizontal  portion  of  the  handrail  to  a  landing 


  i 
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.  The  balusters  supporting  the  inclined  handrail  over  the  steps 
have  their  tops  splayed  to  fit  the  lower  surface  of  the  rail.  In 
common  work  the  balusters  are  nailed  to  the  handrail  direct,  with  • 
out  the  intervention  of  a  core. 

A  Wreathed  Handrail  is  one  which  ascends  in  a  continuous 
curve  round  a  circular  well  hole,  as  in  Fig.  237. 

A  Bamp  is  the  sudden  rise,  concave  in  form,  made  by  a  hand- 
rail where  it  is  stopped,  as  against  the  newel  in  Fig.  246. 

A  Knee  is  the  convex  part  of  the  sudden  rise  in  a  handrail,  as 
in  Fig.  246. 

A  Sivan  N'ech  is  a  ramp  and  knee  combined,  being  concave 
in  one  part  and  convex  in  another ;  see  Fig.  246. 

The  method  of  setting  out  the  handrailing  for  different  forms 
of  stairs  is  quite  a  science  in  itself,  and  is  fully  treated  upon  by 
Mr.  Mayer  in  Newland's  Carpenter's  and  Joiner's  Assistant,  whence 
many  of  the  above  hints  have  been  taken,  and  to  which  the  student 
must  be  referred  if  he  should  wish  to  pursue  the  subject  farther. 

Balusters  are  intended  to  support  the  handrail  and  to  prevent 
any  one  from  falling  over  the  ends  of  the  steps. 

They  should  not  be  more  than  about  5  inches  apart. 

They  are  sometimes  vertical  wooden  bars,  square,  turned,  or 
carved,  according  to  the  class  of  work. 

An  iron  baluster  of  the  same  pattern  as  the  wooden  ones  should 
be  introduced  at  intervals  (generally  about  1  in  every  10)  to 
strengthen  the  whole. 

Iron  balusters  are  frequently  used  throughout. 

Wooden  balusters  should  be  dovetailed  into  the  treads  of  the 
steps,  and  secured  to  the  handrail  as  above  described. 

The  balusters  are  sometimes  fixed  to  the  outer  string,  being 
bent  or  kneed  so  as  to  clear  the  ends  of  the  steps,  in  order  to 
give  as  much  width  as  possible  to  the  stairs.^ 

Generally  there  are  two  balusters  fixed  on  the  end  of  each 
step — one  flush,  or  as  nearly  as  possible  flush,  with  the  face  of  the 
riser,  the  other  midway  between  the  risers. 

On  each  of  the  narrow  ends  of  winders  one  baluster  only  is 
required. 

General  Remarks  on  planning  Stairs. — Before  planning  or 
laying  out  a  stair,  the  following  particulars  are  required  to  be 
known,  and  are  generally  determined  by  circumstances. 

1.  The  height  of  the  stairs,  that  is  the  vertical  distance 
between  the  surfaces  of  the  floors  to  be  connected  by  the  stair. 

^  This  is  the  French  system,  and  involves  the  use  of  iron  balusters,  or  iron  balusters 
and  iron  brackets,  or  of  iron  brackets  alone. 
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2.  The  position  of  the  first  and  last  risers.  These  must  be 
conveniently  arranged  in  connection  with  the  approaches,  door- 
ways, etc.,  leading  to  and  from  the  stairs. 

3.  The  width  and  length  of  the  staircase  available. 

4.  The  position  and  dimensions  of  doors,  windows,  etc.,  sur- 
rounding the  staircase,  and  clear  of  which  the  steps  must  be  kept. 

These  particulars  being  kno\^^l,  the  description  of  stairs  to  be 
adopted  can  be  determined  upon,  the  choice  being  further 
influenced  by  the  class  of  building  in  which  the  stairs  are  to  be 
erected. 

Thus,  in  small  common  houses  or  cottages  with  a  very  narrow 
space  for  the  staircase,  a  straight  stair  may  be  necessary.  In  a 
slightly  better  class  of  house  there  may  be  just  sufficient  width 
for  alternating  flights,  and  a  dog-legged  stair  will  be  suitable.  In 
buildings  on  a  larger  scale,  with  spacious  staircases,  a  geometrical 
or  open  newel  stair  may  be  constructed,  the  well  hole  increasing 
in  width  with  that  of  the  staircase. 

Circular  geometrical  stairs  with  solid  or  open  newels  are 
required  in  towers,  and  stairs  such  as  those  in  Fig,  234  are 
necessarily  made  use  of  in  a  turret. 

The  description  of  stair  having  been  decided  upon,  no  general 
rule  can  be  laid  down  for  the  arrangement  of  the  steps.  Some 
ingenuity  and  contrivance  will  be  required  in  order  to  proportion 
and  arrange  them  so  as  to  fulfil  all  the  conditions  of  a  good 
stair  fitted  to  the  peculiarities  of  the  position. 

Such  a  stair  wiU  consist  of  flights  running  alternately  in 
opposite  directions,  and  each  containing  not  more  than  10  or 
12  steps.  xill  sudden  alterations  in  the  length  of  flights, 
especially  single  steps  introduced  here  and  there,  should  be 
avoided.  The  landings  between  the  flights  should  be  of  a  length 
and  width  at  least  equal  to  the  length  of  the  steps.  Winders 
should  be  avoided  as  much  as  possible,  and  the  steps  should  have 
the  rise  and  tread  carefully  proportioned  to  one  another,  as 
directed  at  page  150.  Care  must  also  be  taken  that  when  one 
flight  passes  under  another,  or  below  a  landing,  there  should  be 
plenty  of  headway ;  and  also  that  the  steps  are  clear  of  aU  doors 
and  windows  in  the  staircase.  The  stairs  should  be  weU  lighted 
throughout  their  length,  more  especially  at  the  approaches. 

The  light  may  be  furnished  by  windows  in  the  sides  of  the 
staircase  above  the  landings,  or  by  a  lantern  at  the  top,  the  latter 
giving  the  best  and  most  equally  diffused  light. 
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Laying  out  the,  'plan  of  Stairs. — Straight  Stairs. — The  planning 
of  a  straight  stair  is  a  very  simple  matter. 

The  height  of  the  storey  being  known,  a  convenient  height  foi 
the  risers,  appropriate  to  the  class  of  staircase  (see  page  150),  is 
assumed  pro  tern. 

The  total  height  to  be  gained,  divided  by  this  dimension,  gives 
the  number  of  risers,  the  number  of  treads  will  be  one  less  (see 
page  157);  and  the  proper  width  for  each  tread  (in  proportion 
to  the  height  of  the  riser)  will  be  found  in  the  table,  page  150. 
1  f  there  is  room  in  the  staircase  for  the  required  number  of  treads 
of  this  width,  with  the  necessary  landings,  weU  and  good ;  if  not, 
a  steeper  rise  must  be  assumed,  requiring  narrower  treads  and 
fewer  of  them,  for  which  there  will  be  room. 

Thus,  in  the  staircase.  Figs,  221,  222,  the  height  to  be  gained 
is  11  feet  8  inches:  assume  7  inches  for  height  of  risers, 
ii24!i£!}^s  =  number  of  risers  =  20.    The  width  of  the  tread  pro- 

7  mclies 

portionate  to  svch  a  riser  (see  page  150)  is  9  inches,  the  number 
of  treads  19.  The  total  length  of  staircase  required  for  the  treads 
will  be  19  X  9  inches  =14  feet  3  inches;  thus,  without  a  land- 
ing, a  staircase  14  feet  3  inches  long  will  be  sufficient,  but  with 
a  landing  4  feet  wide,  substituted  for  one  of  the  treads  (14  feet 
3  inches  +  4  feet  -  9  inches)  =  17  feet  6  inches,  will  be  required 
for  the  length  of  the  staircase. 

The  risers  must  be  equal  throughout  the  stairs,  none  higher 
or  lower  than  the  rest  should  be  introduced  to  make  up  an 
awkward  dimension  in  the  vertical  distance.  Thus,  in  the  case  just 
given,  if  the  height  to  be  gained  had  been  11  feet  6  inches, 
the  number  of  7-inch  risers  required  would  have  been  =  194  : 
it  would  not  do  to  have  nineteen  7-inch  risers,  and  one  5 -inch 
riser;  but  20  risers  would  be  used,  each  ^^=6^^  inches  in 
height,  thus  equally  dividing  the  vertical  distance  to  be  gained. 

Laying  out  Dog-legged  Stair. —  The  number  of  steps  to  be 
introduced  is  ascertained  in  the  same  way  as  for  a  straight  stair. 
Thus,  in  the  Fig.  224,  a  height  of  10  feet  10  inches  has  to  be 
gained,  there  are  20  risers  each  6-|^  inches  high,  and  the  steps 
have  a  proportional  breadth  of  10  inches.  The  stair  is  in  two 
dights,  each  containing  10  steps,  and  separated  by  a  half-space 
landing. 

The  length  of  staircase  required  for  the  width  of  treads  is 
9x10  inches  =  7  feet  6  inches ;  and  for  the  landing  (equal  to 
width  of  stairs)  3  feet  6  inches,  or  11  feet  altogether. 

B.C. — II  N 
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When,  however,  the  area  of  the  staircase  is  more  limited  id 
proportion  to  the  height  to  be  gained,  the  landing  must  be  made 
smaller  or  done  away  with,  and  winders  introduced  ;  the  steps 
also  may  be  made  steeper,  so  that  fewer  of  them  are  required, 
and  they  take  up  less  room,  as  the  proportionate  tread  for  each  is 
less. 

Suppose,  for  example,  that  the  staircase  has  a  length  of  only  8 
feet,  and  that  the  height  to  be  gained  between  two  floors  is 
rather  more  than  before,  viz.  11  feet  1  inch  (see  Fig.  227). 

In  this  case  the  landing  shown  in  Fig.  223  has  to  be  sacrificed 
and  winders  introduced,  while  the  steps  are  made  steeper,  so  that 
1 9  only  are  required ;  the  height  of  each  of  these  is  inches  = 
7  inches,^  the  corresponding  tread  being  9  inches,  the  total 
length  taken  up  by  the  steps  being  6x9  inches  =  4  feet  G 
inches  for  the  fliers — in  addition  to  3  feet  6  inches  (the  space 
containing  winders) — altogether  8  feet. 

Winders.  —  In  laying  out  winders  it  should  be  remembered 
that  when  a  person  on  the  stairs  is  using  the  handrail  he  places 
his  foot  on  the  steps  about  1 8  inches  in  from  the  balusters  ; 
each  winder  should,  therefore,  at  a  distance  of  18  inches  in  from 
the  handrail,  have  a  width  equal  to  that  of  the  treads  of  the  fliers,^ 
otherwise  (the  fliers  being  properly  proportioned)  the  winders  will 
at  this  point  be  too  narrow  in  proportion  to  their  height. 

This  cannot  always  be  accomplished  in  dog-legged  stairs ;  for 
instance,  if  it  were  absolutely  necessary  to  introduce  three  winders 
into  a  quarter-space  of  the  landing  of  the  stair  shown  in  Fig. 
223,  these  could  only  have  a  width  of  9f  inches  at  18  inches  in 
from  the  handrail,  whereas  the  fliers  have  a  width  of  1 0  inches. 

For  a  similar  reason  four  winders  should  be  avoided  as  much 
as  possible  in  dog-legged  stairs.  It  wiU  be  seen  in  Fig.  249  that 
the  width  of  treads  at  18  inches  from  the  newel  can  never  be 
more  than  7  inches.  Thus  the  treads  of  the  winders  must  be 
narrower  than  those  of  the  fliers,  and  therefore  inconvenient. 

Four  winders  are,  however,  very  frequently  introduced  as  shown, 
for  they  are  often  absolutely  necessary  in  order  to  gain  the  height 
required  within  the  space  available. 

1  If  the  lieiglit  to  be  gained  were  the  same  as  in  Fig.  224,  viz.  10  feet  10  inches, 
the  rise  for  the  steps  would  be  ^  =  6f|  inches. 

2  If  the  staircase  be  narrower  than  3  feet,  the  width  of  treads  should,  of  course,  be 
laid  ofif  along  the  centre  of  the  winders.  It  is  sometimes  considered  better  to  have  three 
or  even  five  winders  than  four  ;  because  when  there  are  four  there  is  a  riser  of  need- 
Less  length  running  into  the  angle  of  the  staircase  (see  Fig.  249). 
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As  it  is  difficult  to  follow  these  rules  under  all  circumstances 
they  are  often  infringed,  and  in  common  staircases  it  is  considered 
quite  sufficient  if  there  is  a  proper  width  of  tread  in  the  centre  of 
the  length  of  the  winders. 

"  Balanced  "  or  "  Dancing  "  Steps. — In  consequence  of  the  inner 
ends  of  winders  having  such  narrow  treads,  while  their  height  is 
the  same  as  that  of  the  other  steps,  the  inclination  of  the  line  of 
nosings  of  the  winders  is  much  steeper  than  that  of  the  fliers — 
which  gives  a  sudden  and  ungraceful  change  to  the  inclination  of 
the  handrail  above  them. 

To  avoid  this,  and  in  order  to  gain  some  additional  width  at 
the  inner  ends  of  the  winders,  they  are  in  some  cases  made  to 
"  dance," — that  is,  they  are  drawn  so  as  not  to  converge  to  the  same 
point,  but  so  that  each  is  directed  upon  a  different  point — found 
in  a  manner  too  intricate  to  be  entered  upon  in  this  work. 


Fig.  256.    Scale,  ^  mch  =  l  foot. 

In  Fig,  256  the  first  four  and  the  last  four  steps  are  parallel 
— but  the  remainder  are  "  balanced  "  or  "  dance,"  as  above  de- 
Bcribed. 

Geometrical  Stairs. — In  laying  out  geometrical  stairs  the  steps 
are  arranged  on  the  same  principles  as  those  above  described. 
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The  well  hole  in  the  centre  is  first  laid  down  and  the  steps 
arranged  round  it. 

lu  circular  stairs  with  an  open  weU  hole,  as  in  Fig.  236,  the 
handrail  being  on  the  inside,  the  width  of  tread  proportioned  to 
the  rise  of  steps  should  be  set  off  along  the  dotted  line,  1 8  inches 
in  from  the  handrail,  for  the  reasons  above  mentioned. 

In  stairs  with  a  newel,  such  as  that  in  Fig.  232,  when  the 
handrail,  if  any,  might  be  on  the  outside,  it  will  be  sufficient  if 
the  steps  have  the  proper  width  of  tread  in  the  centre  of  their 
length. 

When  laying  out  stairs  practically  on  the  building  itself,  the 
height  to  be  gained  is  carefully  marked  out  upon  a  "  story  rod" 
on  which  are  marked  divisions  corresponding  in  number  and 
height  to  the  risers :  a  similar  rod  is  marked  so  as  to  show  the 
treads ;  and  from  these  rods  the  steps  should  be  carefully  marked 
upon  the  walls  of  the  staircase. 

A  rod  should  also  be  prepared  having  marked  upon  it  the  exact 
width  of  the  staircase,  the  length  of  steps,  the  position  and  size  of 
newels,  and  also  the  size  of  the  wall  and  outer  strings,  showhig 
the  thickness  and  the  depth  of  the  housings. 


Chapter  VIII. 


FIREPROOF  FLOORS. 

General  Remarks. — Fireproof  floors  are  of  great  service  in 
preventing  flames  from  spreading  throughout  a  building. 

A  great  many  different  systems  of  fireproof  construction  have 
been  proposed  during  the  last  few  years ;  and  before  describing 
the  most  important  of  these  it  will  be  desirable  to  state  what 
characteristics  should  be  looked  for  in  a  good  fireproof  floor. 

Characteristics  of  good  Fireproof  Floors. 

In  estimating  the  efficiency  of  any  system  of  fireproof  floor- 
ing the  undermentioned  points  should  be  attended  to. 

A,  Protection  of  Ironwork. 

The  structure  of  a  fireproof  floor  is  generally  dependent  upon 
the  ironwork ;  if  that  is  destroyed  or  gives  way  the  floor  must 
follow.  Iron  girders  and  columns  may  be  protected  by  terra- 
cotta blocks,  see  Figs.  259,  278,  etc.,  or  by  concrete,  see  Figs. 
274,  etc. 

B,  Resistance  to  Fire  of  the  Material  composing  the 

Floor. 

Brickwork  and  hard  burnt  clay  are  the  best  fire-resisting 
materials. 

Mild  steel,  if  not  protected  by  a  non-conductor  of  heat,  will 
warp  and  twist  under  the  action  of  fire  and  destroy  the  structure. 

Cast-iron  cracks  and  gives  way  suddenly,  especially  when  it 
is  heated  and  then  drenched,  as  it  is  likely  to  be  during  a  fire. 
In  the  Chicago  fire  the  ends  of  cast-iron  columns  were  actually 
melted  off. 

Timber  in  large  scantlings  will  resist  the  action  of  fire  for  a 
long  time  if  the  flames  cannot  get  round  its  sides  or  ends.  After 
it  becomes  charred  to  a  certain  depth  the  charcoal  formed  on  its 
surface,  being  a  non-conductor,  protects  it.^ 

^  Lawford,  Transactions,  Society  of  Engineers,  1889,  p.  43. 
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Wooden  floors  will  resist  a  considerable  action  of  fire  if  well 
imbedded  in  mortar,  which,  however,  leads  to  their  premature 
decay. 

Wood  may  be  rendered  partially  fireproof  by  being  coated  with 
cyanite.  Asbestos  paints,  or  other  substances  mentioned  in  Part  III. 

Goner eU  is  generally  a  good  fire-resisting  substance,  but  this  depends  to 
some  extent  upon  the  materials  of  which  it  is  composed. 

Gyjjsuvi  (sulphate  of  lime)  is  weaker  than  Portland  cement,  but  resists 
fire  better,  as  it  does  not  lose  its  cohesive  power  even  when  raised  to  a  white 
heat  and  then  drenched  with  water. 

Broken  brick  or  stone,  for  the  aggregate,  stand  fire  better  than  breeze,  which 
will  burn  away  under  very  high  temperatures.^ 

Slag  cement  is  likely  to  be  largely  used  for  concrete  floors  iu  this  country.  It  is 
cheaper  and  lighter  than  Portland  cement,  while  its  fire-resisting  properties  exceed 
those  of  Portland  cement  or  gypsum.^ 

Plaster  also  resists  fire  well,  especially  when  it  is  nearly  entirely  made 
with  gypsum,  as  in  the  Hitchins  Company's  and  Eobinson's  plasters. 

Stone  is  a  very  bad  material  for  fireproof  structures  ;  when  subjected  to 
great  heat  it  suddenly  cracks  and  gives  way  without  warning.  For  this 
reason  arches  of  fireproof  construction  should  never  rest  upon  projecting 
stone  corbels. 

In  the  Chicago  fire,  sandstone  was  found  to  stand  better  than  limestone. 
Granite  was  quite  disintegrated,  or,  under  less  heat,  scaled.^ 

Silicate  cotton,  slag  wool,  and  similar  materials  are  fireproof, 
and  very  useful  for  pugging  floors  or  partitions. 

c.  Cost. — Under  this  head  must  be  considered  not  only  the 
cost  of  the  floor  itself  but  the  expense  it  leads  to. 

Thus  a  deep  floor  will  involve  extra  height  of  walling,  and  an  arched 
floor,  having  a  thrust  upon  the  walls,  will  necessitate  their  being  of  extra 
thickness. 

D,  Strength. — The  floor  must  of  course  be  strong  enough  to 
bear  the  weights  it  may  be  required  to  carry. 

This  can  easily  be  arranged  for,  as  it  is  a  mere  question  of  the  thickness 
of  arches  and  dimensions  of  the  girders,  and  other  parts  of  the  floor. 

E,  Permanency. — Floors  of  materials  subject  to  decay  from 
dry  rot  and  other  causes  must  of  course  be  carefully  avoided. 

Eecapitulating,  we  see  that  a  good  fireproof  floor  should  be  of 
good  fire-resisting  material — all  ironwork  being  protected  by  non- 
conductors— that  it  should  not  lead  to  expense  in  other  parts  of 
the  building,  should  be  strong  enough  to  carry  the  weights  re- 
quired to  be  placed  upon  it,  and  not  liable  to  decay. 

1  Lawford,  Transactions,  Society  of  Engineers,  1888. 
^  Gass,  Transactions,  KI.B.A.,  1886,  p.  134. 
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The  student  should  test  each  floor  described  by  seeing  which 
it  possesses  of  the  characteristics  described  above.  In  selecting 
a  floor  for  any  particular  purpose  some  of  these  characteristics 
will  be  more  important  for  that  purpose  than  others,  and  it  is 
impossible  to  say  abstractly  that  any  system  is  the  best  under 
all  circumstances. 

DIFFEEENT  FOEMS  OF  FIEEPEOOF  FLOOEING. 

A  great  many  different  forms  of  fireproof  flooring  have  been 
proposed  and  made  use  of  during  the  last  few  years. 
They  may  be  generally  classed  under  four  heads. 

A.  Arches  of  brick  or  concrete  supported  upon  walls  or  girders. 

B.  Hollow  bricks  or  tubes  supported  between  girders  and 
tilled  in  with  concrete. 

0.  Concrete  filled  in  between  and  around  girders. 

D.  Solid  timber  of  considerable  thickness. 

E.  Iron  plates  resting  on  girders. 

Arched  Systems. 

Girders  and  Brick  Arches. — Among  the  earliest  forms  of 
fireproof  floors  were  those  consisting  of  brick  arches  of  small  or 
moderate  span,  supported  by  cast-  or  wrought-iron  girders. 

Such  constructions  are  still  in  use  for  mills,  warehouses,  sugar 
factories,  and  other  buildings,  where  great  weights  have  to  be 
stored. 

The  cast-iron  girders  shown  in  Fig.  257  are  of  a  section 
frequently  used  in  the  earlier  forms  of  floors,  but  they  are  super- 
seded in  modern  practice  by  mild  steel  joists  or  girders. 


till  7/ 
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Fig.  257. 

The  girders  may  be  placed  from  4  to  12  feet  apart;  the  arches  turned 
from  one  to  the  other  ;  the  spandrils  filled  in  and  levelled  up  with  concrete, 
and  covered  with  a  floor  of  any  material. 

A  tension  rod,  t  t,  unites  the  girders,  and  prevents  their  yielding  under 
the  thrust  of  the  arches.  The  nearer  the  tension  rod  is  to  the  springing  of 
the  arch  the  better,  but  it  is  frequently  kept  high  up  within  the  arch  in 
order  that  it  may  not  be  visible. 

The  tension  rod  is  often  used  only  for  the  outer  arches  of  a  series  ;  these, 
being  thus  prevented  from  yielding,  form  an  abutment  for  the  others. 
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In  arches  of  a  larger  span  the  thickness  of  the  brickwork  may 
be  increased  toward  the  haunches,  as  shown  in  Fig.  258. 


■  This  increase  of  thickness  is  useless  unless  the  extra  rings  are 
bonded  in  with  the  others,  or  built  with  bricks  the  full  depth  of 
the  arch,  which  amounts  to  the  same  thing. 

Sir  W.  Fairbairn  recommends  that  the  rise  of  siich  arches  should  be  -^^ 
the  span  for  floors  of  mills,  and  i  the  span  for  warehouse  floors  to  carry 
heavy  weights. 

Fig.  258  shows  an  arch  of  about  10  feet  span,  carried  by  wrought-iron 
plate  girders,  with  angle  iron  flanges.  These  girders  run  at  right  angles  to 
the  arches,  their  ends  rest  upon  the  heads  of  columns,  and  the  girders  are 
laterally  tied  together  by  flat  iron  bars,  t  t,  secured  to  their  upper  flanges. 

Whichcord's  Fireproof  Blocks.^ — It  will  be  seen  that  iu 
the  systems  above  described  the  lower  surfaces  of  the  iron  girders 
are  exposed  to  the  direct  action  of  fire. 

To  prevent  this,  the  late  Mr.  Whichcord  imbedded  them  in 
fireclay  blocks,  which  protect  them  from  fire,  and,  at  the  same 
time,  form  skewbacks  for  the  arches. 

Fig.  259  shows  in  section  a  rolled  girder  with  protecting  fire 

blocks,  BB.  These  are  made  in 
lengths  of  9  inches,  and  with  a 
minimum  thickness  at  any  point 
of  1^  inch  of  fireclay,  which  has 
been  found  to  resist  the  greatest  heat 
to  which  such  a  structure  is  likely 
^ig-  259.  to  be  subjected. 

Where  ceiling  joists  are  used,  they  may  be  supported  on  the 
lower  ledges  of  the  fire  blocks. 

Doulton-Peto  System,  Fig.  260. — In  this  the  blocks  or 
voussoirs  of  the  arch  are  of  hollow  fireclay  blocks,  which  are  stated 

^  Used  at  the  National  Safe  Deposit  Co.'s  "Warehouse. 
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to  be  \  lighter  than  bricks  or  concrete.  The  under  sides  of  these 
are  dovetail  grooved  so  as  to  form  a  key  for  the  plastering. 

This  flooring  is  capable  of  sustaining  great  weights  ;  the  girders 
are  well  protected ;  the  arches  being  light  may  be  of  considerable 
span,  though  large  spans  increase  the  depth  and  cost  of  the  floor,  and, 
moreover,  they  do  exert  a  certain  amount  of  thrust  upon  the  walls. 

This  flooring  has  been  used  at  Whiteleys,  The  London 
Pavilion,  National  Provincial  Bank,  and  in  several  warehouses. 


Doulton-Peto's  System. 
Section  of  8-inch  Flooring. 
Fig.  260. 

Nobthcroft's  System  ^  consists  of  flat  arches  of  specially  moulded  fire- 
bricks, resting  upon  fire-brick  skewbacks  supported  by  I  iron  girders. 

These  girders  rest  at  the  ends  upon  turned  rollers,  and  are  thus  permitted 
to  expand  when  heated. 


Northcroft's  System. 
Fig.  261. 


In  Fig.  261,  a  a  a  are  the  flat  arches  6  inches  deep,  with  a  filling  between 
of  6  inches  of  concrete.  S  S  are  the  skewbacks,  which  are  bedded  in  asphalte 
upon  the  I  girders.  The  soffit  is  plastered  to  form  a  ceiling,  and  the  surfaces 
of  the  floor  finished  ofi"  with  parquet,  cement,  asphalte,  or  in  any  way  that 
may  be  desired. 

Dennett's  Fieeproof  Floor  consists  of  concrete  arches  sup- 
ported where  they  abut  upon  the  walls  by  projecting  courses,  and 
at  intermediate  points  by  rolled  or  riveted  iron  girders,  as  shown 
in  Fig.  262. 

The  arches  should  have  a  minimum  rise  of  1  inch  to  every 
foot  of  width  up  to  spans  of  10  or  12  feet,  and  are  sustained  by 
centering  until  they  are  thoroughly  set. 

The  concrete  used  has  sulphate  of  lime  (gypsum)  for  its 
^  From  Our  Factories,  Workshops,  and  Warehouses,  by  R.  H.  Thvvaite,  C.E. 
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matrix.    It  has  been  proved  that  this  substance  does  not  lose  its 


cohesive  power  even  when  it  is  raised  to  a  white  heat  and  then 
drenched  with  cold  water. 

The  floor  above  the  arch  may  be  formed  by  simply  bringing 


the  concrete  itself  to  a  smooth  surface.  Joists  may  be  nailed  to 
fillets  laid  upon  the  concrete,  in  a  similar  manner  to  that  shown 
in  Fig.  263,  or  the  surface  may  be  paved  as  in  Fig.  262. 

The  soffit  of  the  arch  may  be  finished  at  once  with  the  setting 
coat  of  plastering  ;  ^  or,  if  a  flat  ceiling  is  necessary,  joists  must  be 
fixed  to  the  lower  flanges  of  the  girders  to  carry  the  lath  and 
plaster.    The  laths  are  not  shown  in  Fig.  263. 

Figs.  262,  263  are  taken  from  Messrs.  Dennett's  pamphlet. 

Wilkinson's  System  is  very  like  Dennett's  in  form,  but  the 
arches  are  of  concrete  granite  and  the  ceilings  formed  with  fibrous 
plaster  slabs. 

This  system  has  been  used  at  Edinburgh  University,  several 
stations  on  North-Eastern  Eailway,  by  the  War  Department,  and 
in  many  warehouses.^ 

Lindsay's  Arch  System  consists  of  "  Pumice  concrete"^  arches 
resting  upon  girders  which  are  stiffened  by  truss  rods,  and  whose 

^  Concrete  arches  are  often  laid  upon  a  sofBt  of  corrugated  iron,  which  supports 
the  concrete  while  it  is  being  laid  and  protects  it  afterwards. 

^  Lawford,  Transactioiis,  Society  of  Engineers,  1889.  ^  Seep.  191. 
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lower  flange  is  protected  from  fire  by  an  iron  trough  filled  in 
with  pumice  concrete. 

Wood  and  Concrete  Floor. — Fig.  264  gives  "the  section  of  a 
floor  that  was  used  for  the  office  of  the  Board  of  Works  in  Lon- 
don, and  which  will  resist  fire  to  a  considerable  extent. 


Fig.  265. 

The  joists  are  cut  diagonally  of  triangular  section,  see  Fig. 
265,  and  are  placed  about  18  inches  apart,  so  as  to  form  skew- 
backs  to  concrete  arches  filled  in  between  them, 

Bunnett's  Systpm^  consists  of  hollow  bricks  of  a  peculiar 
shape  laid  in  a  flat  arch  from  wall  to  wall,  resting  on  angle  irons 
held  together  by  a  tension  rod  passing  through  the  bricks.  The 
bricks  are  so  arranged  and  formed  laterally  that  each  receives  the 
support  of  six  adjoining  bricks.  The  under  sides  of  the  bricks 
are  dovetail  grooved  to  afford  a  key  for  the  plasteriDg. 

Tile  Floors  consist  of  arches  formed  with  flat  tiles  resting 
upon  girders,  in  the  same  way  as  the  brick  arches  above  described. 
When  the  centering  is  fixed,  the  first  course  of  tiles  is  laid  dry, 
and  then  covered  with  cement ;  upon  this  a  second,  third,  and 
fourth  course  are  laid  in  the  same  manner.  The  spandrils  are 
filled  in  with  concrete,  and  the  floor  finished  with  joists  and 
boarding,  pavement,  or  in  any  way  that  may  be  desired. 

Disadvantages  of  Arched  Floors. — Arched  floors,  especially 
when  composed  of  voussoir  blocks,  are  complicated  and  heavy. 
The  arches  depend  greatly  upon  one  another,  and  if  one  gives 
way  it  may  lead  to  the  failure  of  the  whole  floor.  In  any  case 
they  exert  a  thrust  upon  the  walls. 

These  disadvantages  have  led  to  the  adoption  of  simpler  forms 
of  fireproof  flooring. 

Systems  with  Hollow  Bricks  or  Tubes. 

In  order  to  avoid  the  lateral  thrust  of  arches  upon  the  walls, 
various  systems  have  been  proposed  in  which  hollow  bricks  or 
^  Used  at  Grosvenor  Hotel. 
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tubes  are  suspended  by  means  of  T  or  L  irons  between  I  joists, 
and  the  spaces  between  and  above  them  filled  in  with  concrete. 

Systems  with  Hollow  Bricks  or  Tubes. 

HOMAN  AND  EODGEKS'  SYSTEM  (FigS.  266,  267)  COnsists  of  pur- 


CROSS  SECTION' 
Fig.  266. 


Longitudinal  Section 
Fig.  267. 


pose-made  hard  burnt  bricks  with  moulded  projections,  protecting 
the  iron  joists  upon  which  they  rest,  and  filled  in  with  concrete. 

As  the  concrete  is  tough  the  boarding  of  the  floor  may  be 
nailed  to  it  direct,  but  inch-sleeper  fillets  are  recommended  so  as 
to  leave  a  space  for  ventilation,  gas  and  water  pipes,  etc. 

The  soffits  of  the  hollow  bricks  are  dovetail  grooved  as  a  key 
for  the  plaster  ceiling,  and  the  depth  of  the  finished  floor  is  only 
6  to  9  inches. 

Fig.  267  is  a  longitudinal  section,  and  Fig.  266  a  cross 
section,  of  the  floor. 


Fawcett's  System. 
Fig.  268. 

Plan  of  ironwork  and  tubular  lintels  fixed  ready  for  concreting. 
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Fawcett's  system  (Figs.  268  to  270)  consists  of  Fireclay  or  red  clay- 
tubes,  or,  as  they  are  called  by  the  inventor,  "  lintels,"  of  the  section 
shown  at  L,  Fig.  270,  which  rest  upon  the  lower  flanges  of  steel  or 


r 

Fawcett's  System. 
Fig.  269. 

Longitudinal  section  G,  H,  showing  the  tiilDular  lintel  encasing  the  joist,  and  the 
admission  of  cold  air  into  the  end  of  the  tubular  lintel. 

iron  rolled  I  joists  2  feet  apart.  The  lintels  are  placed  obliquely 
between  the  joists — their  own  diagonals  being  at  right  angles  to 
the  joists.  The  spaces  between  and  above  them  are  then  filled  in 
with  concrete — their  lower  sides  are  dovetail  grooved  as  a  key 


Fig.  270. 

Transverse  section  C,  D,  showing  the  air  passage  under  the  joists  and  the  admission 
of  cold  air  into  the  side  of  the  lintel. 

for  plastering.  The  weight  of  the  floor  is  taken  by  the  joists  and 
concrete,  the  lintels  acting  merely  as  a  permanent  centering  and 
casing  to  the  ironwork,  which  is  well  protected. 

This  system  has  been  used  in  numerous  public  buildings. 

Hornblower's  System. — One  form  of  this  system  is  given  in  Fig.  271, 


P  p  p 


Hoenblower's  System. 
Fig.  271. 

whicli  shows  the  construction  recommended  by  Mr.  Hornblower  for  a  floor 
to  carry  as  much  as  two  tons  per  superficial  yard  over  a  bearing  of  18  feet. 
A  A  are  large  hollow  fireclay  tubes  ;  B  B  are  smaller  tubes  of  the  same 
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material,  containing  iron  I  girders  as  shown,  and  filled  with  fine  Portland 
cement  concrete,  gauged  4  to  1  ;  concrete  is  also  packed  in  between  and  over 
the  tubes  ;  P  P  is  the  plaster  ceiling  below,  the  key  for  which  is  afforded  by- 
indentations  or  grooves  formed  on  the  lower  side  of  the  tubes. 

Girders  filled  in  with  Concrete. 

In  these  systems  there  is  no  thrust  upon  the  walls,  and  they 
are  efficient  if  the  ironwork  is  well  covered  by  non-conducting 
material. 

Fox  AND  Barkett's  Floors  consist  of  mild  steel  girders 
placed  about  20  inches  apart,  at  right  angles  to  which,  and  rest- 
ing on  their  bottom  flanges,  are  laid  rough  fillets  or  strips  of  wood 
1  inch  or  1^  inch  square,  and  about  \  inch  apart.     Concrete  is 


Fox  AND  Baerett's  System. 
Fig.  273.    Longitudinal  section. 

then  filled  in  between  the  joists — being  supported  by  the  fillets 
— which  form  a  key  to  the  plastering  of  the  ceiling  below. 

In  order  to  avoid  all  inflammable  material,  small  earthenware 
drain  pipes  have  been  used  instead  of  wooden  fillets. 

Fig.  272  shows  a  transverse  section,  and  Fig.  273  a  longitudinal  section, 
of  such  a  floor. 

G  G  are  the  mild  steel  rolled  girders,  //  the  fillets,  P  the  plaster  of  the 
ceiling  below. 

The  surface  of  the  floor  in  the  example  shown  is  covered  with  boards 
laid  upon  the  joists,  ^j,  which  are  embedded  half  their  depth  in  the  concrete, 
and  cut  to  a  dovetail  section  to  keep  them  firm. 

Sometimes  the  concrete  is  filled  in  only  up  to  the  upper  surface  of  the 
girders,  and  floor  joists  or  paving  laid  upon  it. 

The  concrete  used  for  fireproof  flooring  of  this  kind  should  be  of  a  quick- 
setting  lime  or  cement,  for  until  it  has  set  its  full  weight  comes  upon  the 
girders,  but  when  it  is  solid  it  forms  a  series  of  flat  arches  between  the  girders 
and  strengthens  the  floor. 

If  the  concrete  is  thick,  it  should  be  applied  in  two  layers  to  hasten  its 
drying. 
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Care  must  be  taken  that  the  floor  has  a  good  abutment  on  each  side,  or 
is  well  tied  together. 

When  the  lower  flanges  of  the  girders  are  so  wide  that  they  would  inter- 
rupt the  key  of  the  plaster  and  prevent  its  adherence,  light  ceiling  joists  are 
sometimes  secured  to  the  under  side  of  the  flllets  at  right  angles  to  them. 
These  are  lathed  and  plastered  in  the  usual  way. 

Lindsay's  Systems. — a,  With  I  Girders.  The  first  of  these  (Fig. 
274)  consists  of  mild  steel  girders  of  I  section,  spaced  from  18 
inches  to  3  feet  apart,  and  trussed  by  pairs  of  rods  about  1 8  inches 


Lindsay's  System  with  I  Girders. 
Fig.  274.    Cross  section  for  boarded  floor  with  embedded  sleepers. 

apart,  as  shown  in  Fig.  274,  which  clip  on  to  the  lower  flanges 
of  the  girders.  Concrete  made  of  coke  breeze,  mineral  sand,  and 
Portland  cement — known  as  "  pumice  concrete  " — is  filled  in  and 
around  the  girders  and  rods.  Among  the  advantages  claimed  for  this 
floor  are  tlie  composition  of  the  concrete,  which  makes  it  25  per 
cent  lighter  than  ordinary  concrete,  also  that  if  parts  of  the  concrete 
are  damaged  the  remainder  is  kept  in  position  by  the  truss  rods. 

This  system  has  been  used  for  the  Branch  Bank  of  England, 
Eoyal  Infirmary  (Liverpool). 

Lindsay's  Systems. — h,  With  Trough  Girders  (Fig.  275).  In 
this  system  mild  steel  rolled  girders  of  trough  section  riveted 


Lindsay's  System  with  Trough  Girders. 
Fig.  275.    Section  of  floor  with  concrete  blocks  under. 

together  are  filled  in  with  "  pumice "  concrete.  When  there 
is  no  substantial  ceiling  the  lower  surface  of  the  ironwork  is 
open  to  the  action  of  fire,  but  this  may  be  avoided  by  fixing 
pumice  concrete  blocks  or  slabs  below  instead  of  an  ordinary 
plaster  ceiling. 

This  system  has  been  used  at  the  National  Liberal  Club, 
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Prudential  Assurance  Company  (Brook  Street),  Messrs.  Maples, 
Dublin  Museum,  and  by  several  Eailway  Companies.^ 

Strained  Wire  System. — In  this,  ^  or  |-incli  rods,  about  18 
inches  apart,  are  strained  through  holes  in  the  webs  of  the  joists, 
and  fixed  to  the  walls.  A  network  is  thus  formed,  and  concrete 
is  filled  in  around  and  below  the  joists  so  as  to  protect  them. 
This  system  is  also  used  for  roofs. 

Slabs  of  Pumice  Concrete  laid  upon  the  lower  flanges  of  joists, 
and  formed  with  a  projecting  piece  below  to  protect  those  flanges, 
make  a  fireproof  floor  which  is  quickly  carried  out. 

For  Lindsays  Arch  System,  see  p.  186. 

Pieeson's  System,  formerly  Gardner,  Anderson,  and  Co.'s.,  is 
practically  the  same  as  Lindsay's  I  girder  system  with  the  truss 
rods  omitted. 

Moreland's  System  is  practically  the  same  as  Lindsay's 
trough  system,  but  that  the  section  of  the  troughs  is  rectangular 
instead  of  splayed. 

Dawnay's  System  consists  either  of  -|^-inch  square  iron  bars 
12  inches  apart,  or  of  small  3 -inch  joists  16  inches  apart,  resting 
on  the  lower  flanges  of  5 -inch  binding  joists  in  7  feet  bays ; 
concrete  of  broken  brick  and  Portland  cement  is  filled  in  between 
and  around  the  joists.  This  construction  is  suitable  for  spans  up 
to  30  feet,  the  binding  joists  being  strengthened  according  to  the 
increase  of  span. 

This  system  has  been  used  at  the  Charing  Cross  Hotel, 
Colonial  Institute,  Exeter  Hall,  several  Board  Schools,  and  other 
buildings  in  London. 

Allen's  System  consists  of  Portland  cement  concrete  strength- 
ened by  iron  bars.  Bars  about  3  inches  by  1  inch  are  placed  on 
edge  across  the  building,  2  feet  apart,  and  built  into  the  walls  on 
either  side ;  across  these  are  placed  -l-inch  iron  rods,  also  2  feet 
apart,  thus  forming  a  network  with  meshes  2  feet  square.  A 
temporary  scaffold  is  formed  underneath  the  network,  and  the 
concrete — composed  of  1  Portland  cement  to  4  of  clinkers,  slag, 
etc. — is  thrown  in  to  a  depth  of  4  inches ;  when  it  is  set  the 
scaffolding  is  removed. 

Solid  Timber  Floors. 

Evans'  and  Swain's  System  (Fig.  276)  consists  of  timber 
joists  spiked  close  together  without  any  spaces  between.  The 
1  Cunnington,  Building  Neios,  15th  March  1889. 
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depth  of  the  joists  varies  from  4^  inches  for  8  feet  spans  to  1 1 
inches  for  30  feet  spans.  The  spikes  are  about  18  inches  apart, 
holes  being  bored  for  them  to  prevent  splitting. 


^2">^1" fillets  12"  apart 


plastering 

Fig.  276. 

All  cracks  or  shrinkages  in  the  upper  surface  of  the  floor  are 
filled  up  with  a  grouting  of  liquid  plaster,  while  the  plaster 
ceiling  may  be  attached,  as  shown,  to  the  under  surface  of  the 
joists,  alternate  joists  being  less  deep,  so  as  to  form  a  key,  or  it 
may  be  attached  to  laths  upon  fillets. 

The  advantages  of  this  floor  are,  that  it  is  simple,  and  com- 
posed entirely  of  timber  in  large  scantlings  and  plaster,  both  of 
which  ofler  a  very  considerable  resistance  to  fire. 

Girders  with  Plates. 

Girders  with  Cast-Iron  Plates. — Fig.  277  is  the  sectional  elevation  of 
a  floor  formed  as  follows  : — 

Wrought-iron  rolled  or  built-up  girders,  G,  span  the  room  at  from  10  to 
15  feet  central  intervals. 

Running  at  right  angles  to  these,  and  resting  upon  them,  are  rolled  joists, 
J  J,  about  three  feet  ajaart.  Upon  the  upper  flanges  of  these  joists  are  laid 
cast-iron  plates  shown  in  section  at  C,  the  joints  being  so  shaped  as  to  over- 


— ' 

Fig.  277. 

lap  one  another.  The  under  side  of  these  plates  may  be  cast  to  a  pattern,  so 
as  to  form  an  ornamental  ceiling. 

Another  row  of  cast-iron  plates  may,  if  required,  be  placed  on  the  lower 
flanges  of  J  J.  The  sjoace  between  the  two  sets  of  plates  may  be  left  hollow 
so  as  to  contain  a  stratum  of  air  for  coolness,  or  it  may  be  filled  with  deafen- 
ing composition,  slag  wool,  or  concrete. 

The  cast-iron  jjlates  are,  of  course,  an  objection  to  this  system. 

Girders  with  Wrought-Iron  Plates. — Some  years  ago  Sir  "W.  Fairbairn 
recommended  firej^roof  floors  constructed  with  wrought-iron  plates  of  arched 
form  riveted  to  the  lower  flanges  of  the  girders,  and  filled  up  to  the  level  of  the 
B.C.- — ]I  0 
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floor  -with  concrete,  thus  forming  concrete  arches  of  some  10  or  12  feet  span 
with  a  wrought-iron  lining  to  the  soffit,  supported  at  intervals  by  T  iron  ribs. 

For  smaller  spans  Mallet's  buckled  plates  (see  Part  III.)  have  been  used, 
tlieir  edges  being  riveted  to  the  lower  flanges  of  the  girders  upon  which  they 
are  laid. 

Weight  and  Cost  of  Diflferent  Systems  of  Fireproof  Flooring. 

The  following  Table  is  slightly  modified  from  one  given  by  Mr. 
Lawford  in  a  paper  read  before  the  Society  of  Engineers.^ 

Approximate  cost,  weight,  and  safe  load  of  each  floor  mider- 
mentioned — for  12  feet  bearing. 


Constnicters. 

Cost  per  Square  Yard. 

Weight  per  Square  Foot. 

Safe  Load  per 
Square  Foot. 

Excluding 
Joists. 

Including 
Joists. 

Excluding 
Joists. 

Including 
Joists. 

Arched. 

s.  d. 

S.  d. 

lbs. 

Bs. 

cwt. 

Dennett  . 

6  9 

9  3 

50 

54 

2 

Doulton  . 

6  6 

9  0 

30 

34 

2 

Wilkinson 

6  0 

7  6 

50 

52 

2 

Flat. 

Dawnay  . 

7  0 

40 

2 

Gardner  . 

7  0 

46 

2 

Homan  and  Rodgers 

7  0 

35 

2 

Lindsay,  a 

7  0 

44 

2 

Evans  and  Swain  . 

10  6 

No  joists 

20 

No  joists 

7 

required. 

required. 

American  Systems.- 

Akched  Floors  are  much  used  in  America — either  brick 
arches  supported  by  iron  girders  with  "  porous  terra  cotta,"  ^  pro- 
tecting blocks  forming  skewbacks,  or  arches  of  hollow  blocks  like 
those  in  the  Doulton-Peto  system  (Fig.  260),  or  concrete  arches 
like  those  of  Dennett,  but  supported  upon  corrugated  iron  soffits. 

Pugged  Flooes. — A  section  of  one  of  these  is  shown  in  Fig. 
278.  It  consists  of  wooden  joists  on  which  2"  x  1"  strips  sup- 
port a  course  of  bricks  whose  upper  surface  is  covered  with  a 
layer  of  concrete,  and  upon  which  is  a  tiled  or  boarded  floor.  The 
ceiling  is  of  terra-cotta  tiles  fixed  to  the  joists  by  iron  clips — 
jointed,  and  plastered  below. 

Slow-huming  construction  *  is  a  term  applied  to  the  kind  of  floor 
generally  used  for  mills  and  warehouses.  These  consist  of  solid 
beams  or  beams  bolted  together  and  8  or  1 0  feet  between  centres, 

^  Transactions,  Society  of  Engineers,  1888,  p.  58. 

2  Transactions,  R.LB.A.,  1886,  p.  129,  Mr.  Gass's  paper. 

3  Porous  terra  cotta  is  composed  of  clay  mixed  with  combtistible  material,  such  as 
sawdust,  cut  straw,  charcoal,  etc.  When  baked  the  combustible  material  is  consumed, 
leaving  the  terra  cotta  full  of  holes.  It  is  fireproof,  light,  will  hold  nails,  and  gives 
a  good  surface  for  plastering  (see  Part  III. ) 

*  Woodbury's  Fire  Protection  0/  Mills,  N'ew  York. 
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upon  these  are  laid  floor  planks  3  inches  to  2>\  inches  thick,  over 
which  is  spread  a  layer  of  mortar  f  inch  thick,  and  over  this  again 


Fig.  278. 


ll^ooden  Joists  ihiih  Tile  Ceiling- 
&'  Brick     Concrete  Floor ijig 


is  laid  a  grooved  and  tongued  floor  of 
hard  wood  1^  inch  thick.  Sometimes 
two  thicknesses  of  rosin-sized  sheath- 
ing paper  are  substituted  for  the  layer 
of  mortar. 

General. — Ironwork  is  always 
protected  by  terra-cotta  blocks  (Figs. 
278-280-^),  plaster,  etc.  Ceilings 
are  of  terra-cotta  tiles,  or  plastered 
on  wire-cloth  netting  with  inch 
squares.  Exposed  woodwork  is  pro- 
tected by  terra  cotta  or  sheets  of  tin. 
Partitions  are  of  hollow  tiles. 

rireproof  Roofing  is  not  much  in 
fashion  in  this  country,  though  Lind- 
say's strained  wire  system  has  been  used 
for  part  of  the  roof  of  the  ISTational 
Liberal  Club,  Branch  Bank  of  England,^ 
etc.  In  America  it  is  sometimes 
constructed  with  porous  terra-cotta 
blocks  resting  on  T  irons  supported 
by  I  beams,  or  roof  trusses  are 
encased  in  terra  cotta. 

French    Systems  Wrought  -  iron 

girders  were  adopted  for  fireproof  floors  in 
Paris  some  time  before  they  were  known 
in  England,  and  any  notice  of  the  different 
systems  of  fireproof  flooring,  however  brief, 
would  be  incomi^lete  without  a  reference  to 
some  of  the  plans  originated  in  France. 

Though  these  are  not  commonly  adopted 
in  this  country,  some  description  of  them 
may  be  useful  in  suggesting  ideas  for  new  systems,  which  may  be  arranged 
and  modified  in  accordance  with  more  recent  experience. 

Thuasne's  System  consists  of  I-shaped  wrought-iron  girders  slightly  arched, 
with  a  rise  of  about  and  placed  at  about  3  feet  3  inches  central  intervals. 
At  right  angles  to  them,  and  also  3  feet  3  inches  apart,  are  laid  flat  iron  bars  or 
mterties,  bbb,  whose  ends  pass  through  slits  in  wrought-iron  bands,  Hi,  which 
embrace  the  girder  at  intervals  of  3  feet  3  inches.  The  ends  of  the  interties 
are  secured  by  a  pin  passing  through  them  on  the  farther  side  of  the  iron  band. 

1  From  Transactions,  R.I.B.A.,  1886,  PI.  XYIII. 

2  Cunnington,  Building  News,  15th  March  1889. 
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Crossing  the  interties  at  right  angles  are  light  iron  rods  called  "  faiitons," 
fj  f ;  these  are  generally  about  |-  inch  square  (not  flat  as  shown  in  Fig.  281), 
placed  about  9  inches  apart,  and  bound  to  the  interties  with  wire. 

A  flat  centering  or  boarding  is  placed  under  this  network,  and  coarse 
plaster  of  Paris  is  poured  in  i;pon  it  to  a  thickness  of  about  3  inches.  This 


C  C 

Thxtasne's  System. 

Fig.  281. 


soon  becomes  hard,  and  serves  not  only  to  stiffen  the  floor  but  to  form  the  ceil- 
ing, a  fine  coat  being  required  on  the  under  side  as  a  finish  to  superior  work. 

The  girders  are  tied  into  the  walls  at  each  end  by  iron  straps  secured  to 
vertical  bolts  in  the  wall. 

Small  square  wooden  joists  are  laid  over  the  girders,  and  boarded  in  the 
usual  way. 

In  some  cases  cast-iron  chairs  are  used  instead  of  the  wrought-iron  straps 
to  carry  the  ends  of  the  interties. 

Fer  Tubulaire  is  the  French  name  for  a  girder  of  peculiar  form  invented 
by  M.  Zores  and  shown  in  Fig.  282. 


Fer  Tubulaire. 

Cross  Section,  Longitudinal  Sectional  Elevation. 

Fig.  282.  Fig.  283. 

Floors  of  this  kind  were  exhibited  in  the  Paris  Exhibition  of  1857,  and 
have  been  used  for  warehouses  in  this  country. 

They  are  thus  described  in  the  official  report  on  civil  construction. 

"The  'fer  tubulaire'  may  be  described  as  being  in  section  ot  the  form  of  a 
capital  A  without  the  small  triangular  top.  Those  exhibited  are  said  to  be  for  a 
bearint^  of  20  feet,  and  are  of  the  following  dimensions— viz.  4|  mches  high,  2%  mches 
wide  at  top,  4  inches  wide  at  bottom  exclusive  of  a  small  flange  of  f-mch  projection 
on  each  side.  The  sides  of  the  girder  are  ^s^ths  of  an  inch  in  thickness,  and  the  top 
and  flanges  ^\,ths.  These  girders  are  placed  at  a  distance  apart  of  2  feet  8  inches 
from  centre  to  centre,  and  are  tied  together  at  intervals  of  three  feet  by  flat  bar-iron 
ties  of  f  inch  by  fir  inch  bolted  to  the  bottom  of  the  flanges,  and  the  flooring  finished 
according  to  one  of  the  following  methods  : 
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"Method  No.  1. — Flat  arches  of  hollow  brick  between  the  gh'ders,  with  joists  of 
'  fer  a  coulisse '  (hereaf  ter  described)  or  of  wood  and  wooden  flooring,  or  for  passages 
with  the  spandril  filled  in  with  plaster,  and  floored  over  with  tiles  ceiled  underneath 
to  sofl[it  of  flat  arch. 

' '  Method  No.  2. — The  spaces  between  the  girders  filled  iu  with  hollow  blocks  of 
plaster  4  inches  deep.    Flooring  and  ceiling  as  in  No.  1. 

"Method  No.  3. — Wooden  flooring  as  in  No.  1,  with  ceiling  on  small  iron  laths 
hollow  between  floor  and  ceiling. 

"Method  No.  4. — Wooden  flooring  without  ceiling." 

The  girders  of  this  fl  section  (G  G  in  Fig.  282)  are  said  to  possess  the  following 
advantages  over  those  of  the  I  form,  commonly  used  : 

' '  First,  With  equal  weights  they  give  a  strength  or  resistance  nearly  double. 

"Second,  A  floor  constructed  with  these  girders  costs  some  20  per  cent  less  than 
one  similar  in  all  respects  but  constructed  with  girders  of  I  section. 

"Third,  This  form  of  joists  requires  no  strutting,  while  the  I  girder  requires 
lateral  pressure  to  such  an  extent  that  it  is  said  not  to  be  employed  to  the  best 
advantage  unless  absolutely  filled  iu  with  either  hollow  brick  arches  or  plaster, 
more  than  half  its  strength  being  dependent  upon  its  lateral  rigidity." 

Fer  a  Coulisse. — This  is  a  form  of  iron  joist  resembling  the  I  section, 
but  with  three  flanges,  the  second  longer  than  the  upper  flange  and  close 
below  it. 

Fig.  283  shows  at  /  this  form  of  girder  in  use  as  a  common  joist. 
The  main  girders  of  fireproof  floors  have  also  been  made  in  France  of  this 
section. 

The  girders  are  placed  about  20  inches  from  centre  to  centre,  and  the  space 
between  them  filled  in  with  hollow  bricks,  or  a  hollow  block  of  plaster  resting  on  the 
lower  flanges.  The  advantages  claimed  for  these  girders  are,  that  the  second  flange 
assists  the  top  flange  in  aftbrding  the  necessary  resistance  to  compression  when  the 
girder  is  loaded,  and  that  it  also  stiffens  the  girder  in  a  lateral  direction  ;  and 
further,  that  it  affords  a  convenient  arrangement  for  laying  the  boarding  at  once 
without  the  intervention  of  joists,  and  without  employing  nails. 


Fireprooflng  existing  wooden  floors. 


Fibrous  Plaster  slabs 


Fig.  284. 

Messrs.  Wilkinson  have  a  system  shown  in  section  Fig.  284 
by  which  existing  wooden  floors  can  be  converted  into  "  slow- 
burning  constructions." 

The  ceiling  and  the  pugging  of  the  floor  are  formed  of  non- 
inflammable  fibrous  plaster  slabs,  ^  inch  thick,  the  latter  laid  in 
the  usual  way  upon  wood  fillets  fastened  to  the  joists  and  secured 
by  plaster  fillets  above. 

The  fibrous  plaster  slabs  are  made  of  coke  breeze  and  plaster 
on  a  basis  of  cocoa-nut  fibre.  They  make  a  very  light  floor  which 
does  not  require  such  thick  supporting  walls  as  do  floors  of  con- 
crete (see  also  fireproof  plastering,  p.  182). 
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The  systems  of  fireproof  flooring  tliat  have  been  introduced  or 
proposed  at  different  times  are  almost  innumerable.  The  shape 
of  the  girders  has  been  varied  in  every  possible  way,  and  all  sorts 
of  materials  used  in  connection  with  them. 

Several  new  forms  have  been  proposed  during  the  last  few 
years,  but  many  of  them  have  not  been  fully  tried.  The  subject 
is  one  of  great  importance,  and  will  no  doubt  be  greatly 
developed. 


Encasement  of  Girders  and  Columns  in  Concrete. 

As  above  stated,  it  is  necessary  that  all  iron  work  should  be 
protected  from  the  fire  by  some  non-conducting  substance.  Figs. 
285,  286  show  the  method  adopted  by  Messrs.  Dennet  and 
Ingle  for  encasing  both  columns  and  girders  in  concrete. 


Chapter  IX. 


PLASTERERS'  WORK. 

Plastering  consists  in  applying  different  compositions  resembling 
mortar  to  walls  and  ceilings,  in  thin  layers,  so  as  to  form  smooth 
Burfaces,  for  the  sake  of  appearance  and  cleanliness. 

The  plaster  may  either  be  laid  on  the  face  of  the  wall  itself,  or  it 
may  be  spread  over  a  screen  of  laths  fixed  in  any  required  position. 

The  latter  operation  only  is  technically  known  as  "plastering'' 
the  application  to  the  wall  itself  being  called  "  rendering." 

Plastering  and  rendering  are  applied  in  one,  two,  or  three  coats, 
according  to  the  importance  of  the  building  and  the  degree  of 
finish  required. 

Materials  used  by  the  Plasterer. — The  materials  used  for 
plastering  will  be  fully  described  in  Part  III. 

In  the  following  brief  notes  information  is  given  sufficient 
only  to  enable  the  student  to  understand  the  processes  described 
in  this  chapter. 

Limes  and  Cements. — Lime. — The  pure  or  fat  limes  are 
generally  used  for  plastering,  because  in  using  hydraulic  limes 
minute  unslaked  particles  are  apt  to  get  into  the  work,  and  to 
blow,  throwing  out  bits  of  plaster,  and  injuring  the  surface. 

Plaster  of  Paris  is  calcined  gypsum.  When  mixed  with 
water  to  form  a  paste  it  sets  very  quickly,  expanding  as  it  sets, 
and  attains  its  full  strength  in  an  hour  or  two. 

Portland  Cement  is  made  from  chalk  and  clay  niLxed  together 
in  water,  then  burnt  and  ground.  It  is  the  strongest  cement 
in  use,  but  sets  more  slowly  than  the  other  varieties. 

Roman  Cement,  Medina  Cement,  Harwich,  Calderwood,  Whitby, 
Mulgrave's,  and,  Atkinson's  Cement,  are  all  natural  cements  of  the 
same  description.  They  are  made  by  burning  nodules  found  in 
different  geological  formations.  These  cements  set  very  rapidly, 
but  attain  no  great  ultimate  strength. 

Keenes,  Parian,  Martins,  and  Robinsons  Cements,  are  all  manu- 
factured by  recalcining  plaster  of  Paris  with  different  substances. 
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These  cements  are  useful  only  for  indoor  work ;  they  set  very 
quickly,  and  can  be  painted  within  a  few  hours. 

Whiting  is  made  by  grinding  white  challc  to  a  fine  powder. 

Sand  and  Water. — Very  clean  sand  and  fresh  water  should  be 
used  for  plasterers'  work  (see  Part  III.) 

Mixtures. — Coarse  Stuff  is  a  rough  mortar,  containing  1  or  1-^ 
part  of  sand  to  1  of  lime  by  measure,  thoroughly  mixed  with  long 
ox  hair  (free  from  grease  and  dirt),  in  the  proportion  of  1  lb.  hair  to 
3  cubic  feet  of  mortar. 

Fine  Stuff  is  pure  lime  slaked  with  a  small  quantity  of  water,  and 
afterwards  saturated  until  it  is  of  the  consistence  of  cream ;  it  is  then 
allowed  to  settle  and  the  water  to  evaporate,  until  thick  enough  for 
use.    For  some  purposes  a  small  quantity  of  white  hair  is  added. 

Plasterers'  Putty  is  lime  dissolved  in  water,  and  then  run 
through  a  hair  sieve.  It  is  very  similar  to  fine  stuff,  but  pre- 
pared somewhat  dijfferently,  and  always  used  without  hair. 

Gauged  Stuff  consists  of  from  f  to  |^  plasterers'  putty,  and  the 
remainder  plaster  of  Paris.  The  last-named  ingredient  causes 
the  mixture  to  set  very  quickly,  and  it  must  be  gauged  in  small 
quantities.  The  proportion  of  plaster  used  depends  upon  the 
time  to  be  allowed  for  setting,  the  state  of  the  weather,  etc.,  more 
time  required  in  proportion  as  the  weather  is  damp. 

For  cornices  the  putty  and  plaster  are  often  mixed  in  equal 
proportions. 

Stucco  is  a  term  vaguely  applied  to  many  mixtures  containing 
common  and  hydraulic  limes,  also  to  some  cements. 

Common  Stucco  contains  three  or  four  parts  sand  to  one  of 
hydraulic  lime. 

Trowelled  Stucco  consists  of  -|  fine  stuff  (without  hair),  and  ^ 
very  fine  clean  sand. 

Bastard  Stucco  is  of  same  composition  as  trowelled  stucco,  with 
the  addition  of  a  little  hair. 

Rough  Cast  consists  of  sand,  grit,  or  gravel,  mixed  with  hot 
lime  in  a  semi-fluid  state. 

Size  is  thin  glue  made  by  boiling  down  horns,  skins,  etc. 
Double  Size  is  boiled  for  a  greater  time  so  as  to  be  stronger. 
Laths  are  thin  strips  of  wood,  generally  fir,  sometimes  oak, 
split  from  the  log,  3  or  4  feet  long,  about  an  inch  wide,  and 
varying  in  thickness  according  to  their  class. 

Single  latlis         are  about      .  .        ^  inch  thick. 

Lath-and-half  lath      „  .  ■         \  •< 

DoubU  la.ths  «  .  •         l  »• 
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Lathing. — Laths  to  receive  plaster  may  be  fixed  either  in  a 
horizontal  position  as  for  ceilings,  vertically  as  a  covering  for 
walls  and  partitions,  or  in  such  a  manner  as  to  form  inclined  or 
curved  surfaces. 

Lathing  Ceilings. — For  this  purpose  the  laths  are  nailed  to  the 
underside  of  the  ceiling  joists  (see  Tigs.  286  and  350,  Part  I.), 
(or  in  many  cases  to  the  bridging  joists;  see  Tig.  282,  Part  I.), 
which  should,  if  necessary,  be  brought  into  a  horizontal  plane  by 
adding  slips  of  wood  called  "  fi.rrings." 

The  laths  are  fixed  parallel  to  one  another,  and  -|  inch  apart 
so  that  the  intervals  afford  a  key  for  the  plaster.  Every  lath  is 
secured  by  nails,  one  being  driven  through  the  lath  wherever  it 
crosses  a  joist  or  batten.  The  moist  plaster  passes  between  the 
laths,  forming  protuberances  at  the  back — these  harden  and  form 
what  is  known  as  the  "  key"  which  prevents  the  plaster  from  fall- 
uig  away  from  the  laths  and  keeps  it  in  position.  Care  should  be 
taken  that  the  ends  of  the  laths  do  not  overlap  one  another,  and 
that  they  are  attached  to  as  small  a  surface  of  timber  as  possible, 
so  that  the  key  may  not  be  interrupted. 

If  the  joists  are  of  wood,  a  narrow  fillet  may  be  nailed  along 
the  under  side  of  each  to  receive  the  laths,  so  as  to  interfere  with 
the  key  of  the  plaster  as  little  as  possible. 

The  laths  should  be  laid  in  "  bays,"  so  as  to  break  joint  in  por- 
tions 3  feet  wide  (see  Fig.  287). 

The  tliickest  laths  should  be  used  for  ceilings,  and  for  very 
important  work  they  should  be  nailed  with  zinc  nails,  so  that 
there  may  be  no  dangei"  of  their  oxidising,  and  the  rust  showing 
on  the  surface. 

Battened  Walls  ^  are  so  called  because  wooden  battens  about 
2  io  2^  inches  wide,  and  from  -|  to  1  inch  thick,  are  fixed  ver- 
tically at  central  intervals  of  about  1 2  inches,  to  receive  the  laths. 

The  battens  are  nailed  to  wood  plugs  in  the  wall,  except  where 
flues  occur,  in  which  case  they  should  be  secured  by  iron  holdfasts. 

The  laths  are  nailed  as  above  described.  They  should  be  fully 
I  inch  clear  of  the  inside  of  the  wall,  and  about  -|  inch  apart- — 
thus  affording,  a  key  which  is  sufficient  to  support  the  plaster  in 
its  vertical  position. 

Lath-and-half  laths  should  be  used  for  walls  and  partitions 
subject  to  rough  usage,  and  single  laths  for  ordinary  walls. 

WaUs  likely  to  be  damp  should  be  battened,  as  the  clear  air- 

^  Sc.  strapped  walls. 
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space  between  the  masonry  and  the  lathing  insures  the  plastered 
surface  being  constantly  dry ;  but  battened  walls  harbour  vermin, 
the  woodwork  is  subject  to  decay,  and  is  injurious  in  case  of  tire. 


Fig.  287.  Elevation. 


Fig.  288.    Sectional  Plan. 


Figs.  287,  288  show  a  sectional  plan  and  an  elevation  of  a 
portion  of  a  battened  wall,  with  some  of  the  plaster  removed,  in 
order  to  show  the  laths  1 1  and  battens  h  h  below. 

The  laths  are  shown  as  breaking  joint  in  bays.  This  is  not 
absolutely  necessary  for  walls,  but  is  often  done  in  vertical  work 
as  well  as  for  ceilings. 

Counter-lathing  is  necessary  when  plaster  has  to  be  applied 
close  to  a  flat  surface,  such  as  that  of  a  large  beam.  In  such  a 
case  laths  are  nailed  on  to  the  surface  of  the  beam  about  a  foot 
apart,  and  across  these  is  nailed  the  lathing  to  receive  the  plastering. 

This  second  layer  of  laths  is  termed  counter-lathing.  Being 
clear  of  the  surfaces  of  the  beam,  a  key  is  afforded,  and  the  plaster 
adheres  to  the  first  layer  of  laths,  which  it  would  not  do  if  they 
were  nailed  on  to  the  beam  itself. 

Brandering  is  a  Scotch  term  applied  to  a  kind  of  counter- 
lathing.    It  has  already  been  described  at  page  141,  Part  I. 

Plastering. — One-Coat  Wokk;  known  as  "Lath  and  Plaster  one 
Coat:"  or,  "Lath  and  Zap." — This  consists  of  a  layer  of  "  coarse 


PLASTERER'S  WORK. 


203 


9  stuff "  of  an  uniform  thickness,  spread  over  the  laths  with  a  smooth 
a  and  even  surface.  The  plaster  should  be  stiff  enough  to  hold 
t  together,  but  just  sufficiently  soft  to  pass  between  the  laths,  being 

V  worked  well  in  between  them  with  the  point  of  the  trowel,  and 
b  bulging  out  behind  the  laths  into  excrescences,  which  form  a  key, 
a  and  keep  the  plaster  in  position. 

This  is  the  cheapest  kind  of  plastering,  and  is  used  only  in  in- 
f.ferior  buildings,  or  behind  skirtings,  plinths  of  partition  shutters, 

V  window  backs,  etc. 

In  some  parts  of  the  country  one-coat  work  is  never  used  to  cover 
li  lathing,  but  only  for  rendering  on  walls. 

Two-Coat  Woek;  described  as  "Lath,  Plaster,  and  Set;"  or, 
*  *  Lath,  Lay,  and  Set." 

1st  Coat. — The  first  coat  is  laid  upon  the  laths  as  above 
d described,  but  the  surface,  instead  of  being  smoothed,  is  roughed 
cover  by  scratching  it  with  a  birch-broom,  so  as  to  form  a  key  for 
t  the  second  coat. 

Setting. — The  second  coat,  or  "  setting,"  is  a  thin  layer  of  fine 
s  stuff,  or  putty,  or  gauged  stuff,  and  should  not  be  trowelled  on  till 
t  the  first  layer  is  stiff.  If  the  latter  has  become  very  dry,  it  must 
I  be  moistened  before  the  second  coat  is  applied,  or  the  latter  in  shrink- 
i;ing  will  have  its  moisture  sucked  out,  crack,  and  fall  away.  As  the 
fifine  stuff  is  laid  on,  the  surface  is  smoothed  by  drawing  backwards 
a  and  forwards  over  it  the  wet  brush  used  for  damping  the  first  coat. 

Theee-Coat  Woek. — Described  as  "Lath,  Plaster,  Float,  and 
SSet;"oT,  "Lath,  Lay,  Float,  and  Set" 

Priching-up  is  the  name  given  in  this  case  to  the  first  coat, 
vwhich  is  laid  as  before  described  ;  but  in  order  to  form  a  good  key 
fifor  the  next  coat  the  surface  is  scored  over  with  the  point  of  a  lath 
iiin  deep  scratches,  crossing  each  other  diagonally  in  sets  of  parallel 
lilines  about  3  or  4  inches  apart. 

Scratching  tools,  with  several  points,  are  sometimes  used. 

Floating} — The  second,  or  "floated"  coat,  is  applied  when  the 
ppricking-up  is  sufficiently  dry  to  resist  pressure. 

It  consists  of  fine  stuff,  with  the  addition  of  a  little  hair,  and 
dderives  its  name  from  its  being  laid  on  with  "  floats"  in  the  foUow- 
iiing  manner : — 

In  order  to  ensure  the  surface  of  the  plaster  being  in  a  true 
p plane,  narrow  bands  or  "  screeds"  of  plaster,  about  6  or  7  inches 
vwide,  are  formed  at  the  angles,  and  at  intervals  of  from  4  to  10  feet 

^  Sc.  StraigTUening 
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on  the  wall  or  ceiling.    The  surfaces  of  these  are  then  brought  into 
the  required  plane  by  passing  long  straight-edges  over  them. 

Horizontal  screeds  for  ceilings  should  moreover  be  levelled,  and 
vertical  screeds  "  plumbed  "  up  from  the  skirting  grounds  (see  page : 
1 26),  before  proceeding  farther. 

The  spaces  between  the  screeds  are  then  "  filled  out"  flush  with 
the  fine  stuff,  and  smoothed  off  with  straight-edges,  or  with  a  large 
fla:  board,  having  two  handles  at  the  back,  and  known  as  a  "  Derby 
float." 

The  surface  is  then  gone  over  with  a  smaller  hand  float,  and  any 
defects  made  good  by  adding  a  little  soft  stuff. 

'Before  applying  the  third  coat  or  setting,  the  floated 
surface  should  be  scratched  over  with  a  broom,  and  then  allowed 
to  become  perfectly  dry. 

The  setting  is  varied  in  composition  to  suit  the  nature  of  the 
finish  intended  for  the  surface. 

If  the  surface  is  to  be  papered,  it  should  be  "  set  with  fine 
stuff;"  if  it  is  to  be  whitened,  it  should  be  "  set  with  putty  and 
washed  sand ;"  and  if  it  is  to  be  painted,  it  should  be  finished  with 
"  trowelled  stucco"  or  plaster. 

"  Set  with  Fine  Stuff." — For  surfaces  to  be  papered  the  setting  coat 
should  be  of  fine  stuff  containing  a  little  hair,  and  the  finished 
work  would  be  described  as  "  Lathed,  Plastered,  Floated,  and  Set 
vv  th  Fine  Stuff." 

"Set  with  Putty  and  Plaster:'  — If  the  waU  or  ceiHng  is  to. 
be  whitened  or  coloured,  the  third  coat  should  be  of  plasterers' 
putty  mixed  with  a  little  fine  sand,  and  sometimes  with  a  little  > 
white  hair. 

If  required  to  set  quickly,  especially  in  damp  weather,  from. 
1  to  plaster  of  Paris  is  added  to  the  stuff,  which  must  be; 
gauged  (or  mixed)  in  small  quantities  (see  Gauged  Stuff,  p.  200).. 

This  work,  when  finished,  would  be  known  as  "  Lathed,  Plas-  • 
tered.  Floated,  and  Set  with  Putty  and  Plaster;"  or  it  would  also) 
come  under  the  general  designation  of  Gauged  Work. 

Great  care  should  be  taken  to  ascertain  that  the  floated  coat  isj 
dry  before  this  setting  is  applied,  otherwise  the  coats  will  shrink: 
unequally,  and  the  last  coat  will  be  full  of  cracks. 

Rendering  is  the  term  used  for  the  process  of  applying  plaster  f 
or  cements  to  the  naked  surface  of  walls. 

With  regard  to  plaster,  it  is  applied  in  exactly  the  same  way^ 
as  upon  laths,  excepting  a  slight  difference  in  the  first  coat. 
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The  surface  of  the  wall  to  be  rendered  should  be  rough  so  as  to 
form  a  key  to  which  the  plaster  will  firmly  adhere.  This  may  be 
secured  by  leaving  the  mortar  joints  unstruck  and  protruding  when 
the  wall  is  built ;  or  the  joints  may  be  raked  and  the  face  hacked 
and  picked  over  to  give  it  the  necessary  roughness. 

Rough  Rendering  is  the  first  coat  laid  to  receive  more  finished 
work. 

It  is  of  coarse  stuff,  but  contains  a  little  less  hair  than  that 
used  on  laths,  and  is  applied  in  a  moister  state,  which  causes  it 
to  adhere  better  to  the  wall. 

The  holes  and  crevices  in  the  wall  should  be  entirely  filled  up 
in  applying  this  coat,  but  the  surface  of  the  plaster  need  not  be 
scratched  or  scored  over. 

Floating  and  Setting  are  performed  in  exactly  the  same  way  as 
upon  laths. 

Gauged  Woek  is  formed  by  the  addition  of  a  proportion  of 
plaster  of  Paris  to  any  coat  of  plaster,  in  order  to  cause  it  to  set 
more  rapidly.  Unless  the  process  is  very  carefully  conducted 
cracks  will  occur  in  the  plaster.  The  quantity  of  plaster  added 
depends  upon  the  rapidity  of  setting  required,  the  dampness  of 
the  weather,  etc. 

Cornices,  Mouldings,  and  Ornaments,  should  be  as  light  as 
possible. 

If  they  do  not  project  more  than  2  inches,  a  backing  of  coarse 
stuff  will  be  sufficient  to  support  them ;  but  if  the  projection  is 
6  or  8  inches,  or  more,  brackets  of  wood,  roughly  cut  to  the 
section  of  the  intended  cornice,  must  be  fixed  along  the  wall  a,t 
intervals  of  10  or  12  inches.  Upon  these  laths  are  nailed  and 
"  pricked  up  " — that  is,  covered  with  a  thick  coat  of  coarse  stuff, 
so  that  a  rough  edition  of  the  future  cornice  is  produced.  A 
mould  made  of  zinc,  or  of  beech  with  zinc  or  brass  edges,  is  then 
for  the  time  "  muffled  "  by  covering  the  profile  edge  with  a  layer 
of  plaster  of  Paris  about  ^  inch  thick.  The  mould  is  then  drawn 
along  over  the  surface  of  the  rough  cornice  of  coarse  stuff  already 
formed.  It  is  guided  by  battens  fixed  along  the  lines  where  the 
cornice  will  cut  the  ceiling  and  wall,  and  the  effect  produced  by 
it  is  to  remove  the  superfluous  stuff  and  leave  the  cornice  moulded 
approximately  to  the  form  required,  the  surface  all  over  being 
about  \  inch  within  the  intended  profile.  The  muffling  is  then 
removed  from  the  mould,  and  the  surface  of  the  cornice  covered 
with  gauged  stuff,  over  which  the  mould  is  worked  until  the 
exact  form  of  the  cornice  is  produced. 
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As  the  stuff  sets  very  quickly,  it  should  be  frequently  sprinkled, 
and  portions  between  projections  or  other  breaks  in  the  line 
shoild  be  finished  off  at  once. 

Where  a  portion  of  the  moulding  projects  3  or  4  inches  beyond 
the  general  surface,  it  may  be  sustained  by  nails  driven  into  the 
wall  or  bracket  about  6  inches  apart,  and  connected  by  tarred  string. 

Mitres  in  angles  and  small  breaks  are  finished  by  hand,  and 
indentations  are  left  for  enrichments,  which  may  be  cast  in  plaster 
of  Paris,  or  composition,  and  cemented  into  their  place. 

These  indentations  in  the  plaster  are  formed  by  projections  left 
on  :he  mould. 

Ornaments  of  various  kinds  are  made  of  plaster  of  Paris  cast  in 
bees'-wax  moulds.  When  large  and  heavy  they  should  be  secured 
by  screws  to  woodwork. 

Carton  pierre,  or  Papier  MacM,  consisting  of  paper  formed  into 
pulp  and  forced  into  moulds,  is  also  used  for  ornaments.  Though 
not  capable  of  receiving  so  sharp  an  outline  as  plaster  of  Paris,  it 
is  nore  easily  transported  without  breaking,  lighter,  easier  to  fix, 
and  very  useful — especially  in  the  country,  where  skilled  work- 
men to  cast  plaster  ornaments  are  not  easily  obtainable. 

There  are  several  other  materials  used  for  making  the  mouldings 
and  ornaments  required  by  the  plasterer,  which  it  would  be  beyond 
the  province  of  these  Notes  to  describe. 

Fig.  289  shows  a  cornice  at  the  angle  of  a  room  in  sectional 
elevation. 


B  is  the  rough  bracket  cut  approximately  to  the  shape  of  the 
aoroice.    This  bracket  is  attached  to  the  fillets  //,  ■wihich  are 
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fixed  as  shown,  and  carefully  levelled.  In  some  cases  the  bracket 
is  nailed  to  the  bottom  or  sides  of  the  ceiling  joists,  and  it  is  very 
frequently  built  into  the  waU,  as  shown  at  C  in  Fig.  290. 

1 1  are  the  latlis  nailed  to  the  bracket  to  form  the  surface  and 
key  for  the  plastering. 

m  is  the  moiulding,  which  is  made  separately,  and  fixed  (after 
the  cornice  is  run  and  set)  into  the  recess  left  for  it,  shown  in 
Fig.  289  in  dotted  lines. 

An  ornament  is  also  shown  in  the  recess  left  in  the  soffit  of  the 
cornice.  Holes  are  broken  through  the  plaster  forming  this  soffit, 
so  that  the  soft  plaster  at  the  back  of  the  ornament  may  pass  be- 
tween the  laths  themselves,  and  thus  form  a  key,  which  secures 
it  directly  to  the  lathing. 

The  coved  portion  of  the  cornice  is  sometimes  formed  in  papier 
mach^  or  light  plaster  casts,  and  fixed  without  any  supporting 
brackets,  being  fitted  in  between  the  projecting  mouldings  above 
and  below,  and  secured  with  plaster  of  Paris. 

Large,  Coved  Cornices  are  supported  by  brackets  or  cradling, 
built  up  of  pieces  of  board.  Two  or  more  are  used,  according  to 
the  size  of  the  cornice,  and  the  surface  is  covered  with  lathing, 
and  finished  in  the  same  way  as  small  cornices. 


Fig.  290  ^  shows  a  bracket  built  up  in  three  pieces,  which  abut 

^  The  scale  of  this  figure  is  so  small  that  neither  the  lathing  nor  counter-lathing 
is  shown. 
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against  one  another,  other  pieces  being  nailed  over  the  joints,  the 
upper  extremity  being  nailed  to  the  joists  of  the  floor  above, 
and  the  lower  end  resting  npon  the  rough  bracket  of  the  project- 
ing cornice  below,  which  is  built  into  the  wall. 

This  figure  shows  also  the  method  of  covering  a  beam  projecting 
below  the  surface  of  the  ceiling.  The  sides  and  soffit  of  the 
beam  are  counter-lathed,  plastered,  and  decorated  by  mouldings 
struck  on  the  plaster,  or  attached  to  it. 

In  some  cases  the  beam  is  covered  with  cradling,  which  makes 
it  up  to  the  size  required  for  the  design  of  the  decoration,  and,  by 
keeping  the  laths  at  a  distance,  affords  a  key  without  counter- 
lathing. 

"  Very  large  projecting  mouldings  and  cornices  inside  buildings 
are  even  made  of  coarse  canvas  strained  over  a  light  framework, 
and  washed  over  with  gauged  stuff.  They  are  easily  carried  up 
and  fixed  in  position."^ 

Bendering  in  Cement. — The  wall  to  be  rendered  should  itself 
be  dry,  but  the  surface  should  be  well  wetted,  to  prevent  it  from 
absorbing  at  once  all  the  water  in  the  cement ;  it  should  also  be 
sufficiently  rough  to  form  a  good  key  for  the  cement. 

Screeds  may  be  formed  on  the  surface,  and  the  cement  should, 
if  possible,  be  filled  out  the  full  thickness  in  one  coat,  and  of  uni- 
form substance  throughout. 

Any  excess  of  cement  in  projections,  mouldings,  etc.,  should  be 
avoided,  by  dubbing  out  with  bits  of  brick. 

When  cement  is  put  on  in  two  or  three  coats,  the  coats  already 
applied  should  on  no  account  be  allowed  to  dry  before  the  suc- 
ceeding layers  are  added. 

The  coats  last  applied  are  very  liable  to  peel  off  under  the 
effects  of  frost  or  exposure. 

Many  of  the  quick-setting  cements,  such  as  those  mentioned 
below  as  adapted  for  internal  work,  are  rendered  in  one  thickness 
of  cement  and  sand,  and  the  face  afterwards  finished  and  brought 
to  a  surface  with  neat  cement. 

Sand  may  be  added  with  advantage  to  most  cements,  to  prevent 
excess  in  shrinkage  and  cracking;  sometimes  a  very  large  pro- 
portion is  used  (see  Part  III.) 

External  Work — The  material  best  adapted  for  rendering  the 
external  surfaces  of  waUs  is  Portland  cement.    Other  materials 
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sxicli  as  Eoman  cement,  are,  however,  frequently  used,  but  have 
not  the  same  adherence,  appearance,  or  weathering  properties. 

The  objection  to  Portland  cement,  from  an  economical  point 
of  view,  is  its  first  cost,  the  greater  labour  required  in  using 
it  as  compared  with  that  necessary  for  other  cements,  and  also 
the  time  frequently  wasted  upon  it,  for,  in  consequence  of  its 
setting  slowly,  there  is  a  tendency  for  the  men  to  go  on  working 
it  too  long. 

In  order  that  it  may  set  as  quickly  as  possible,  the  less  heavy 
varieties  should  be  selected  for  rendering  (see  Part  III.) 

External  rendering  is  often  marked  with  lines,  so  as  to  repre- 
sent blocks  of  ashlar  stone. 

Both  Portland  and  Eoman  cement  are  mixed  with  a  good  pro- 
portion of  sand  for  external  work. 

The  Portland  cement  may  be  used  in  the  proportion  of  1  cement 
to  3  sand,  and  the  Eoman  cement  with  1  part  of  sand  to  1  of 
cement  for  upright  work. 

For  cornices,  mouldings,  etc.,  about  half  the  quantity  of  sand 
should  be  used,  but  some  is  required  to  prevent  cracking. 

Internal  Work. — Parian,  Keene's,  Martin's  cement,  and  others 
of  a  similar  character,  are  eminently  adapted  for  internal  work. 

The  treatment  of  the  several  descriptions  varies  slightly,  but 
they  are  generally  laid  in  a  thin  coating  of  about  -g-  inch  depth  on 
a  backing  of  Portland  cement  and  sand.  In  some  cases  the  back- 
ing is  formed  of  the  quick-setting  cement  itself,  mixed  with  1  to 
1^  of  sand. 

Most  of  them  can  be  brought  to  a  beautiful  hard  polished  sur- 
face, and  are  ready  to  receive  paint  in  a  few  hours. 

These  cements  are  largely  used,  not  only  for  rendering  walls, 
but  for  forming  skirtings,  mouldings,  pilasters,  angle  beads,  and 
other  internal  finishings  of  a  buUding. 

Portland  cement  is  also  used  for  internal  work  often  with  a 
very  large  proportion  of  sand,  as  much  even  as  9  parts  of  sand  to 
1  of  cement  being  recommended. 

Stucco. — Common  Stucco,  composed  of  ^  sand  and  ^  hydraulic 
lime,  used  to  be  greatly  in  vogue  for  outside  work,  but  has  now 
been  almost  superseded  by  the  various  cements  introduced  during 
the  last  few  years. 

To  receive  stucco,  the  surface  of  the  wall  should  be  rough  to 
form  a  key,  thoroughly  wetted,  and  freed  from  dust.  The  stucco 
is  then  laid  on  in  a  fluid  state  with  a  brush,  like  whitewash,  after 
B.C. — IT  P 
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which  a  coat  may  be  applied  as  in  common  rendering,  unless  the 
work  is  to  be  floated,  in  which  case  screeds  must  be  formed  round 
the  margin  of  the  wall,  and  vertically,  at  intervals  of  3  or  4  feet 
throughout  its  length.  These  are  filled  out  with  stucco,  which  is 
smoothed  by  a  straight-edge  passed  over  it  to  remove  any  super- 
fluous plaster,  and  then  well  rubbed  with  the  hand-float  and 
brought  to  a  hard  and  glossy  surface. 

When  cornices  are  to  be  formed,  projecting  bricks  or  tiles  must 
be  left  to  support  them.  These  are  covered  with  stucco,  on  which 
rbe  moulding  is  run  as  in  internal  work. 

Plaster  of  Paris  quickens  the  setting  of  the  stucco,  but  should 
not  be  used  for  outside  work,  as  it  will  not  stand  exposure. 

Bough  Stucco  is  an  imitation  of  stone.  It  is  spread  in  a  thin 
coat  on  a  floated  ground,  which  should  be  in  a  half-dry  state,  and 
is  then  gone  over  with  a  hand-float  covered  with  a  piece  of  felt, 
which  raises  the  grit  of  the  sand  and  gives  the  surface  of  the 
work  the  appearance  of  stone. 

This  also  has  been  superseded  by  cement,  which  is  treated  in 
the  same  way  when  it  is  required  to  have  a  rough  surface. 

Trowelled  Stucco,  consisting  of  fine  stuff  and  -J-  sand,  is  worked 
upon  the  floated  coat,  which  must  be  perfectly  dry  before  it  is 
applied.  The  stucco  is  beaten  and  tempered  with  water  until  it 
is  of  the  consistency  of  thin  paste.  It  is  then  spread  with  a 
large  trowel  over  the  surface,  to  the  thickness  of  about  inch, 
as  evenly  as  possible,  and  in  smaU  portions  of  about  2  or  3 
square  yards.  The  surface  is  then  wetted  and  rubbed  down  -with 
the  hand-float  (being  sprinkled  with  a  wet  brush  during  the 
operation),  until  a  surface  is  produced  as  hard  and  smooth  as 
that  of  polished  marble. 

This  process  is  used  for  surfaces  to  be  painted,  and  for  superior 
ceilings  to  be  finished  wliite.  It  is  not  so  strong  as  the  finishing 
with  fine  stuff. 

Bastard  Stucco  is,  like  trowelled  stucco,  laid  upon  the  second 
or  "floated  coat,"  but  it  is  slightly  different  in  composition,  as  it 
contains  a  little  hair,  is  not  hand-floated,  and  is  finished  with  less 
labour  than  the  other. 

This  and  trowelled  stucco  are  chiefly  used  for  inside  work 
intended  to  be  painted. 

Selenitic  Plaster^  is  made  by  adding  a  small  proportion  of 
plaster  of  Paris  to  hydraulic  limes,  which  are  then  known  as 
"  prepared  Selenitic  Limes." 

^  Selenitic  material  has  been  used  in  the  Imperial  Institiite. 
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The  effect  of  this  is  to  stop  the  slaking  of  the  lime,  and  to 
convert  it  into  a  kind  of  cement. 

The  following  instructions  for  its  preparation  are  from  the 
circular  of  the  patentees  : — 

"  If  prepared  in  a  Mortar  Mill. — 1st,  Pour  into  the  pan  of  the 
edge-runner  four  fuU-sized  pails  of  water. 

"  2d,  Gradually  add  to  the  water  in  the  pan  2  bushels  of  pre- 
pared selenitic  lime,  and  grind  to  the  consistency  of  creamy  paste, 
and  in  no  case  should  it  be  thinner. 

"  Zd,  Throw  into  the  pan  10  or  12  bushels  of  clean  sharp  sand, 
burnt  clay,  ballast,  or  broken  bricks,  which  must  be  well  ground 
till  thoroughly  incorporated.  If  necessary,  water  can  be  added  to 
this  in  grinding,  which  is  preferable  to  adding  an  excess  of  water 
to  the  prepared  Kme  before  adding  the  sand. 

"  When  the  mortar  mill  cannot  be  used,  an  ordinary  plasterer's 
tub  (containing  about  30  or  40  gallons)  or  trough,  with  outlet  or 
sluice,  may  be  substituted. 

"  If  prepared  in  a  Plasterer's  Tuh. — 1st,  Pour  into  the  tub  4 
full-sized  pails  of  water. 

"  2d,  Gradually  add  to  the  water  in  the  tub  2  bushels  of  pre- 
pared selenitic  lime,  which  must  be  kept  well  stirred  until 
thoroughly  mixed  with  the  water  to  the  consistency  of  creamy 
paste,  and  in  no  case  should  it  be  thinner. 

"  Zd,  Measure  out  10  or  12  bushels  of  clean  sharp  sand  or 
burnt  clay  ballast,  and  form  a  ring,  into  which  pour  the  selenitic 
Kme  from  the  tub,  adding  water  as  necessary.  This  should  be 
turned  over  two  or  three  times,  and  well  mixed  with  the  larry  or 
mortar  hook. 

"  Both  the  above  mixtures  are  suitable  for  bricklayers'  mortar 
or  for  first  coat  of  plastering  on  brickwork. 

"N.B. — Plastering  on  brick  can  be  floated  (or  straightened)  in 
one  coat,  and  requires  no  hair. 

"For  Plastering  on  Lath  Work. — To  the  same  quantities  of 
water  and  prepared  lime,  as  given,  add  only  6  or  8  bushels  of 
clean  sharp  sand  and  2  hods  of  well-haired  lime  putty;  the  hair 
being  previously  well  hooked  into  the  lime  putty.  When  the 
mill  is  used,  the  haired  putty  should  only  be  ground  sufficiently 
to  ensure  mixing.    Longer  grinding  destroys  the  hair. 

"  Lime  putty  should  be  run  a  short  time  before  being  used,  to 
guard  against  blisters,  which  will  sometimes  occur. 

"  This  mixture  will  be  found  to  answer  equally  well  for  ceilings 
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as  for  partitions.  If  the  sand  is  very  sharp,  use  only  6  bushels 
of  sand  for  covering  the  lath,  and  when  sufficiently  set,  follow 
with  8  bushels  of  sand  for  floating  (or  straightening). 

"  Setting  Coat  and  Trowelled  Stucco. — i  or  common  setting  (oi 
finishing  coat  of  plastering),  the  ordinary  practice  of  using  chalk 
lime  putty  and  washed  sand  is  recommended.  But  if  a  hard 
selenitic  face  is  required,  care  must  be  taken  that  the  prepared 
selenitic  lime  be  first  passed  through  a  24  by  24  mesh  sieve,  to 
avoid  the  possibility  of  blistering,  and  used  in  the  following  pro- 
portions : —  4  pails  of  water;  2  bushels  of  prepared  selenitic 
lime  (previously  sifted  through  a  24  by  24  mesh  sieve) ;  2  hods 
of  chalk  lime  putty ;  3  bushels  of  fine  washed  sand. 

"  This  should  be  treated  as  trowelled  stucco ;  first  well  hand- 
floating  the  surface,  and  then  well  trowelling.  A  very  hard  sur- 
face is  then  produced. 

"  Selenitic  Clay  Fmisk. — 5  pails  of  water ;  1  bushel  of  prepared 
selenitic  lime ;  3  bushels  of  prepared  selenitic  clay ;  2  bushels  of 
fine  washed  sand ;  1  hod  of  chalk  lime  putty. 

"  This  mixture,  well  hand-floated  to  a  fair  face,  and  then  weU 
trowelled,  will  produce  a  finished  surface  equal  to  Parian  or 
Keene's  cement,  and  will  be  found  suitable  for  hospital  walls, 
public  schools,  etc.    Being  non-absorbent,  it  is  readily  washed. 

"The  use  of  ground  selenitic  clay  improves  the  mortar,  and 
renders  it  more  hydraulic. 

"  When  the  selenitic  clay  is  used,  2  bushels  may  be  added  to  1 
bushel  of  prepared  selenitic  lime,  the  proportion  of  sand,  ballast, 
etc.,  being  the  same  as  for  prepared  selenitic  lime.  The  use  of 
selenitic  clay  effects  a  considerable  saving,  as  it  is  much  cheaper 
than  lime. 

"  For  outside  Plastering  use  6  or  8  bushels  only  of  clean  sand, 
and  for  finishing  rough  stucco  face  use  4  or  5  bushels  only  of  fine 
washed  sand,  to  the  proportions  of  lime  and  water  given. 

"  Plastering  on  Walls  can  be  finished  by  the  above  processes,  as 
two-coat  work  in  24  hours,  while  the  ceilings  can  be  floated  im- 
mediately after  the  application  of  the  first  coat,  and  be  set  in 
48  hours." 

The  advantages  of  this  material  for  plastering  are — its  cheap- 
uess,  as  it  can  be  used  with  a  very  large  proportion  of  sand ;  its 
quick  setting,  which  enables  the  coats  to  be  applied  rapidly  in 
succession,  and  prevents  delay. 

Selenitic  lime  or  mortar  should  not  be  used  in  conjunction  with 


PLASTERERS  WORK. 


213 


gauged  stuff  for  cornices,  screeds,  etc.  No  more  mortar  should  be 
gauged  than  can  be  used  the  same  day. 

In  applying  selenitic  plaster  to  quartered  partitions  or  ceilings, 
care  must  be  taken  that  the  supporting  woodwork  is  thoroughly 
seasoned,  for  the  plaster  is  rigid  and  will  be  cracked  if  the  timber 
warps  and  twists. 

Rough-Cast  is  used  as  a  cheap  protection  for  external  walls. 

The  surface  of  the  wall  is  first  "  pricked  up  "  with  a  layer  of 
"  coarse  stuff,"  upon  which  a  coat  of  similar  composition  is  evenly 
spread ;  while  this  is  wet,  and  as  fast  as  it  is  done  in  small 
portions,  rough-cast  (p.  200),  in  a  semi-fluid  state,  is  thrown  upon 
it  with  large  trowels  from  buckets,  forming  a  rough  adhering  crust, 
which  is  at  once  coloured  with  lime-wash  and  ochre. 

Depeter  consists  of  a  pricked-up  coat  with  small  stones  pressed 
in  while  it  is  soft,  so  as  to  produce  a  rough  surface. 

D&prdor  is  the  name  for  plaster  finished  so  as  to  represent 
tooled  stone. 

Surfaces. —  Whitewash  is  a  mixture  of  any  common  white  fat 
lime  with  water.  It  is  used  for  common  walls  and  ceilings  which 
have  to  be  whitened  frequently,  and  for  sanitary  purposes. 

Whitcni7ig  is  a  mixture  of  whiting  and  size,  used  for  whitening 
ceilings  and  inside  walls.    It  will  not  stand  the  Aveather. 

Colouring  for  very  common  work  is  made  by  mixing  naturally- 
coloured  earths,  such  as  ochres,  with  whitewash. 

Distemper  is  made  with  whiting  and  size.  Any  colouring 
matter  may  be  added,  being  first  ground  in  water  and  added  to 
the  whiting.  Sometimes  a  little  alum  and  soft  soap  are  substi- 
tuted for  the  size. 

It  is  used  for  colouring  walls  and  whitening  ceilings ;  but  is 
not  fit  for  outdoor  work,  as  it  will  not  stand  the  weather. 

Distemper  is  generally  laid  on  cold,  and  at  about  the  consistency 
of  trembhng  jelly. 

Not  more  than  two  coats  are  required — the  first  should  be  thin, 
and  should  contain  a  double  quantity  of  size. 

White  lead  is  sometimes  substituted  for  the  whiting  to  produce 
a  smoother  surface ;  and  for  outside  work  boiled  oil  is  sometimes 
added  to  ordinary  distemper  to  make  it  weather  better. 

Pugging  is  a  coat  of  coarse  stuff  about  2  or  3  inches  thick 
laid  on  boards  fixed  between  the  joists  of  a  floor.  It  is  intended 
to  prevent  sounds  and  smells  from  passing  from  one  room  to  the 
other  (see  Part  I,),  but  is  rather  apt  to  lead  to  decay  in  the 
woodwork. 


214  NOTES  ON  BUILDING  CONSTRUCTION. 


Scagliola  is  chiefly  used  for  imitation  marble  pilasters  and 
columns. 

For  the  latter  a  "  cradle "  is  first  formed  of  wood,  lath«d  over, 
and  "  pricked  up  "  with  lime  and  hair  mortar. 

After  this  has  set  and  is  quite  dry  it  is  covered  with  a  floated 
coat  consisting  of  plaster  of  Paris  mixed  with  various  colouring 
matters  in  a  solution  of  glue  or  isinglass,  to  give  greater  solidity 
and  to  prevent  the  plaster  of  Paris  from  setting  too  quickly. 
When  the  surface  is  thoroughly  hard,  it  is  rubbed  with  pumice 
stone,  being  kept  damp  and  clean  with  a  wet  sponge ;  it  is  then 
rubbed  with  tripoli  and  charcoal,  then  polished  with  a  felt  rubber 
dipped  in  tripoli  and  oil,  and  lastly  finished  by  means  of  a  piece 
of  felt  dipped  in  oil  only. 

This  substance  has  been  to  a  great  extent  superseded  by  the 
use  of  Keene's  and  similar  cements.    (See  Part  III.) 

Arrises,  or  sharp  corners  of  plastered  walls,  require  to  be  of 
extra  strength,  or  protected  in  some  way  from  being  chipped  and 
injured. 

Angle,  Staves  are  substantial  beads  or  cylinders  of  wood  plugged 
to  the  salient  angles  of  the  walls,  and  splayed  so  as  to  receive  the 
plaster  on  each  side.  They  thus  protect  the  angle  of  the  wall 
from  injury. 

Cement  Angles  are  often  formed  instead  of  angle  staves.  The 
angle  of  the  wall,  including  a  strip  of  4  or  6  inches  wide  on  each 
side,  is  rendered  in  cement,  and  is  consequently  harder  and  more 
able  to  withstand  a  blow  than  if  finished  in  plaster.  The  corner 
of  the  wall  or  of  the  cement  covering  may  with  advantage  be 
rounded. 

Cement  Staff  Beads  or  Quoin-heads  are  similar  in  form  to  those  in 
wood,  described  at  page  119,  and  are  adopted  in  order  to  avoid 
an  arris,  and  to  answer  the  same  purpose  as  angle  staves. 


Chapter  X. 


PAINTING.    PAPERHANGING.  GLAZING. 

THE  object  of  painting  is  to  preserve  the  more  perishable  partb 
of  a  structure  from  the  effects  of  the  weather,  heat,  gases,  etc. 
Woodwork  should  only  be  painted  when  it  is  thoroughly 
seasoned ;  if  it  is  not  so,  the  paint,  by  confining  the  sap  and 
moisture,  only  hastens  decay. 

In  the  best  buildings  the  woodwork  receives  at  least  four  coats 
of  paint,  sometimes  five  or  six ;  but  in  those  of  an  inferior  class 
two  or  three  coats  only  are  used. 

Each  coat,  as  the  work  approaches  completion,  should  incline 
more  in  tint  to  the  final  colour. 

Materials  used  in  Painting. — Before  proceeding  farther  it  is 
necessary  to  allude  briefly  to  the  materials  of  which  ordinary 
white  lead  paint  is  composed,  though  the  composition  and  pecu- 
liarities of  these  materials,  and  other  points  connected  with  the 
subject,  will  be  gone  into  more  fully  in  Part  III. 

The  paint  in  ordinary  use  for  protecting  woodwork  is  composed 
chiefly  of  white  lead,  linseed  oil,  and  litharge  (or  other  "  driers") ; 
sometimes  a  little  turpentine,  and  small  quantities  of  other  in- 
gredients are  added,  as  hereafter  explained. 

The  part  played  by  each  of  the  principal  ingredients  is  as 
follows : — 

The  linseed  oil  soaks  into  and  fills  up  the  pores  of  the  wood, 
and  there  dries  into  a  sort  of  resin,  which  keeps  out  the  air,  and 
prevents  decay. 

The  litharge  or  driers  quicken  the  hardening  or  drying  of  the  oil. 

The  white  lead  gives  a  body  to  the  paint,  and  combines  with 
the  oil  to  form  a  kind  of  soap. 

The  spirits  of  turpentine,  or  "  turps,"  is  used  merely  to  save  oil, 
and  to  make  the  paint  more  liquid,  so  as  to  work  freely.  It 
evaporates,  and  plays  no  part  in  protecting  the  wood. 

Ked  lead  is  generally  used  with  the  priming  coat ;  it  dries  well, 
and  sets  hard. 

Proportion  of  Ingredients  of  Leoid  Faint. — The  exact  proportions 
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for  the  different  materials  to  be  used  in  lead  paint  vary  according 
to  the  quality  of  the  materials,  the  nature  of  work  to  be  done,  the 
climate,  and  other  considerations. 

The  proportions  given  in  the  following  table  must,  therefore,  be 
taken  only  as  an  approximate  guide  for  inside  work  when  the 
materials  are  of  good  quality  : — 


c 

33  O 

5 

a> 

"S 

71 

Coat. 

Red  Lead. 

Raw  Linse< 

Litharge  or 
Driei 

1  Number  of 
ficial  Yan 
Paiut  will  ( 

Lbs. 

Ounces. 

Pints. 

Ounces. 

Pints. 

10 

1 

4 

2* 

0 

63 

10 

0 

24 

2* 

100 

3d,  and  remaining  Coats 

10 

0 

2 

2* 

2 

113 

*  Or  ^  oz.  burnt  white  vitriol,  and  \  oz.  litharge. 


The  last  two  coats  have  the  final  colouring  added  in  proportion 
to  the  depth  of  tint  required  ;  from  1  to  2  oz.  of  colouring 
matter  is  added  for  every  10  yards  of  surface  to  be  painted,  and 
the  quantity  of  white  lead  is  reduced  in  proportion. 

Painting  Woodwork.  —  Preparation  of  Woodwork.  — Wood- 
work should  be  thoroughly  dry  before  being  painted.  The  surface 
should  be  planed  clean  and  smooth,  and  free  from  dust.  All  nails 
should  be  punched  in,  so  that  their  heads  are  driven  below  the  surface. 

Killing  Knots. — The  knots  should  then  be  "  killed  "  by  painting 
them  over  with  "size  knotting"  or  "patent  knotting"  (see  Part 
TIT.)  This  is  necessary,  especially  with  fir  and  resinous  woods,  to 
prevent  the  turpentine  in  the  knots  from  exuding  through  the  paint. 

There  are  several  other  ways  of  killing  knots.  Sometimes  they 
are  covered  with  fresh-slaked  hot  lime  for  about  24  hours,  which 
is  then  scraped  off;  after  which  they  are  painted  with  size  knot- 
ting, and  if  this  does  not  kill  them  they  are  coated  with  red  and 
white  lead  in  linseed  oil,  and  when  quite  dry  rubbed  smooth  with 
pumice-stone. 

Sometimes,  after  application  of  the  lime,  they  are  ironed  with  a 
hot  iron,  and  then  painted  smooth. 

In  superior  work  the  knots  are  cut  out  to  a  slight  depth  and  the 
holes  filled  up  v/ith  putty  made  of  white  lead,  japan,  and  tur- 
pentine. 
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Sometimes  the  knots  are  covered  with  gold  or  silver  leaf. 

Inside  Wokk. — Priming. — After  "knotting"  the  "priming" 
coat  is  laid  on.  This  generally  contains  a  large  proportion  of  red 
lead,  which  makes  it  set  harder,  and  gives  it  the  pink  colour  fami- 
liar to  all  in  new  work. 

The  object  of  this  coat  is  to  fill  the  pores  of  the  wood  before 
applying  the  colouring  coats,  which  would  otherwise  be  sucked  up 
and  wasted  by  the  wood. 

"  Painters  will  sometimes  for  cheapness  prime  with  clearcole  or 
glue  size  instead  of  oil,  which  form  a  skin  over  the  surface,  without 
entering  into  the  pores  of  the  wood ;  it  is  liable  to  peel  off,  and 
should  never  be  allowed  unless  the  surface  is  too  greasy  or  dirty  to 
take  oil  priming."^ 

Stopping. — The  surface  should  now  be  well  rubbed  down  with 
fine  sand-paper  or  pumice-stone,  and  all  holes  and  cracks  stopped 
with  putty. 

Second  Coat. — When  the  priming  is  dry  the  second  coat  is  laid 
on  and  allowed  to  harden.  If  the  Imots  still  show,  they  may  be 
covered  with  silver  leaf,  gummed  on  with  size.  This,  however,  is 
seldom  done  in  practice. 

Third  and  Fourth  Coats. — The  third  coat  is  then  applied,  and 
when  it  is  dry  and  weU  rubbed  down  the  finishing  coat  is  added. 

In  good  work  each  coat  should  be  carefully  rubbed  down  with 
sand-paper  or  pumice-stone,  and  well  dusted,  before  the  next  coat  is 
laid  on. 

Flatting. — For  delicate  interior  work  a  fifth  coat  may  be  added, 
mixed  with  turpentine  only,  and  containing  no  oil.  This  causes  it 
to  dry  with  an  uniform  flat  dead  surface,  without  gloss. 

This  coat  must  be  laid  on  quickly,  of  a  tint  somewhat  lighter 
than  the  ground  colour. 

It  does  not  protect  the  material  to  wdiich  it  is  applied,  as  an 
ordinary  coat  of  paint  would  do,  for  the  turpentine  evaporates, 
leaving  only  the  pigment. 

Flatted  work  will  not  last  when  exposed  to  the  weather,  nor 
wiU  it,  as  a  rule,  stand  washing ;  if  it  is  required  to  do  so.  a  little 
copal  varnish  must  be  added  to  it  wlien  mixing. 

"  Sometimes  a  little  size,  or  raw  oil  well  bleached,  is  added  to 
the  turps,  in  order  to  enable  the  paint  to  stand  washing  better, 
in  which  case  it  is  called  bastard  flatting!'  ^ 

Outside  Work. — If  the  paint  is  to  be  exposed  to  the  sun 
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boiled  oil  should  be  used,  and  the  quantity  of  turps  in  the  second 
coat  should  be  reduced  to  about  one-half  that  mentioned  on  page 
216,  and  there  should  be  no  turps  used  in  the  remaining  coats, 
except  in  winter,  when  a  little  is  necessary  to  make  the  paint 
work  freely. 

Varnishing. — Varnish  may  be  applied  either  to  painted  sur- 
faces, or  to  the  original  surface  of  the  wood ;  in  the  latter  case  it 
may  either  be  plain,  or  stained  with  tints  to  darken  the  grain,  or 
to  imitate  the  colour  of  different  woods. 

"Varnish  adds  greatly  to  the  appearance  and  durability  of 
paint,  but  at  the  same  time  shows  up  the  defects  of  broken  or 
uneven  surfaces. 

"  A  priming  coat,  followed  by  a  dark  coat,  such  as  chocolate  or 
purple  brown,  and  finished  off  with  a  coat  of  common  varnish,  is 
cheaper  than  and  as  durable  as  four  coats  of  common  colour,  it 
looks  better,  is  more  rapidly  executed,  and  stands  washing  well."  ^ 

New  plaster  work  should  be  well  sized  with  a  weak  solution  of 
glue  before  being  varnished. 

Woodwork  to  be  varnished  should  be  very  dry.  The  colour  to 
be  used  should  be  ground  up  and  dissolved  with  the  varnish  in 
the  preliminary  coats ;  the  last  coat  should  contain  very  little 
colour — better  none  at  all. 

The  surface  of  woodwork  should  be  treated  with  size  before 
being  varnished,  to  prevent  it  from  swelling.  This  also  fills  up 
the  pores,  and  causes  a  saving  in  the  quantity  of  varnish  used. 

"  Walls  may  be  coloured  and  varnished  thus  : — First  apply  at 
boiling  heat  two  coats  of  whiting,  mixed  with  strong  glue  size;  then 
fill  up  defects  with  mastic  and  water,  rub  smooth  with  pumice- 
stone,  and  cover  with  two  coats  of  coloured  varnish,  the  first  coat 
mixed  with  one  quarter  of  the  required  colour,  the  last  coat  with 
only  half  as  much  colour ;  the  colour  should  be  ground  very  fine, 
and  the  varnish  should  be  copal  varnish."  ^ 

Gkaining. — Four  or  five  ordinary  coats  of  paint  having  been 
applied,  the  last  is  composed  of  equal  parts  of  oil  and  turpentine, 
and  should  approximate  in  tint  to  the  final  colour  required,  after 
which  thin  glazings  of  Terra  de  Sienna,  Umber,  Vandyke  brown, 
or  other  required  tints,  are  applied. 

These  tints  may  for  ordinary  work  be  ground  in  water,  and 
mixed  with  small  beer;  but  for  oak  graining  a  thicker  substance 
is  required,  and  the  colour  is  mixed  with  turpentine  and  a  little 
^  Seddon's  Builders'  Work. 
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turpentine  varnish,  and  its  surface,  before  it  is  dry,  is  scratched 
over  (with  combs,  or  with  flat  brushes,  dipped  in  oil  and  turps),  to 
imitate  the  grain  of  different  woods.  The  representations  of  knots 
are  produced  by  dexterous  touches  with  the  tips  of  the  fingers, 
or  with  pieces  of  cloth,  or  sponge,  moistened  with  turps.  In 
ordinary  work  the  surface  is  completed  by  covering  it  with  two 
coats  of  copal  varnish. 

The  ground  and  the  graining  colours  differ  with  each  variety  of 
wood  to  be  imitated — thus,  for  Light  Oak,  the  ground  would  be  of 
white-lead  and  stone-ochre  thinned  with  half  raw  oil  and  half 
turps ;  the  graining  of  raw  umber  and  whiting  thinned  with  half 
and  half  as  above,  the  overgraining  of  Vandyke  brown  in  water. 
For  Bird's-eye  Maple  the  ground  would  be  of  white  stained  with 
vermilion,  thinned  with  3  turps,  1  oil ;  the  graining  York  brown, 
Vandyke  brown,  and  burnt  sienna,  in  porter,  with  a  little 
paste. 

A  detailed  description  of  the  processes  by  which  different 
kinds  of  wood  are  imitated  would  be  of  no  practical  use ;  the 
examples  just  given  are  merely  to  convey  a  general  idea  of  the 
methods  adopted. 

Grained  work,  including  the  varnishing,  lasts  longer  than 
ordinary  painted  work. 

Superior  work  is  "  overgrained  " — that  is,  a  glaze  of  colour  in 
beer,  as  dark  as  may  be  requisite,  is  laid  over  the  comb-work  in 
shades  thrown  across  the  work. 

Painting  Plaster. — Plaster  to  be  painted  should  be  carefully 
laid,  and  its  surface  free  from  air  bubbles  or  flaws  caused  by 
the  "  blowing  "  of  the  lime. 

Special  care  must  be  taken  that  both  the  plaster  and  the  wall 
itself  are  perfectly  dry  before  they  are  painted. 

It  is  safer  to  distemper  the  walls  and  leave  them  for  two  years 
before  painting.  Then  brush  the  distemper  well  down  (without 
washing,  unless  it  is  greasy),  and  paint  over  it. 

There  are  several  methods  of  applying  the  paint,  all  of  which 
are  influenced  by  the  very  absorbent  nature  of  the  plaster. 

The  plaster  may  be  primed  with  glue  size  to  prevent  absorption, 
and  then  four  coats  of  ordinary  lead  paint  applied.  Care  should 
be  taken  that  the  whole  surface  stands  out  with  an  equal  gloss, 
after  which  it  may  be  flatted. 

The  plaster  may  be  primed  with  two  or  three  coats  of  boiling 
linseed  oil.    When  this  is  dry  it  is  covered  with  a  thin  coat  of 
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weak  size,  tinged  with  red  lead,  to  stop  all  absorption,  and  give 
the  work  a  uniform  appearance,  and  then  finished  off  with  two 
coats  of  oil  paint,  and  a  flatting  coat  if  required  ;  or  with  two  coats 
of  coloured  varnish,  as  described  at  page  218. 

Another  plan  is  to  prime  the  plaster  with  white  lead  and 
linseed  oil  containing  a  little  litharge,  and  mixed  to  the  con- 
sistency of  cream.  When  the  oil  is  absorbed  into  the  plaster, 
and  this  coat  is  dry,  another  similar  coat  is  given.  In  a  few  days 
a  third  coat  may  be  added,  rather  thicker,  and  containing  a  little 
turpentine.  By  this  time,  the  plaster  being  thoroughly  saturated, 
a  fourth  coat,  thinned  with  equal  parts  of  turps  and  oil,  may  be 
added,  and  then  the  flatting  coat ;  or,  when  the  work  is  not  re- 
quired to  be  very  durable,  the  fourth  coat  may  be  omitted. 

Sanding. — Fine  sand  is  sometimes  thrown  on  to  the  last  coat 
while  it  is  wet,  with  a  view  to  imitating  the  rough  surface  of  stone. 

Fresco  is  painting  on  plaster  done  while  it  is  wet.  It  requires 
to  be  performed  with  great  rapidity,  and  with  care,  as  the  work 
cannot  be  altered. 

Painting  Canvas  and  Paper. — Canvas  to  be  painted  should 
be  prepared  with  size — oil  causes  it  to  rot. 

Paper  should  be  covered  with  a  thin  coat  of  oil  paint,  and  theTi 
the  other  coats  applied  as  usual. 

Sometimes  after  the  first  coat  of  paint  a  coat  of  size  is  appUed ; 
but  this,  though  cheaper,  is  not  such  good  work. 

Clearcole  consists  of  white  lead  ground  in  water  and  mixed 
with  size.  It  is  useful  in  preparing  greasy  and  smoky  surfaces 
to  receive  paint,  which  is  afterwards  laid  on  in  the  ordinary  way, 
the  white  lead  being  mixed  in  half  oil  half  turpentine  with  the 
colouring  pigment  and  driers,  and  laid  on  as  stiff  as  possible. 

Repainting  Old  Work. — The  surface  should  be  scoured  with 
soap  and  water;  if  greasy  or  smoky,  washed  with  lime  water; 
when  dry,  rubbed  down  with  sand-paper  or  pumice-stone  ;  all 
necessary  repairs  should  be  made,  craclw  and  openings  stopped 
with  putty,  and  portions  from  which  the  paint  is  blistered  or 
knocked  off  brought  up  to  the  general  level  by  painting,  or  with 
cement,  before  the  surface  is  repainted. 

When  the  old  paint  is  very  much  blistered,  it  should  be 
removed  altogether  before  repainting. 

This  may  be  done  by  various  solutions  containing  potash, 
quicklime,  etc.,  which  will  be  described  in  Part  III. ;  or  the  old 
paint  may  be  scraped  or  burnt  off. 
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Painting  Ironwork. — Cast  Iron  should  be  painted  directly  il 
leaves  the  mould,  in  order  to  preserve  the  hard  skin  which  is 
formed  upon  the  surface  of  the  metal  by  the  fusing  of  the  sand 
in  which  it  is  cast.  After  this  a  second  coat  will  be  required, 
and  will  generaEy  be  sufficient  for  the  preservation  of  the  iron 
from  atmospheric  influences. 

In  any  case  all  rust  upon  the  surface  of  castings  should  be 
carefully  removed  before  the  paint  is  applied. 

Wrought  Iron. —  Before  painting  wrought  iron,  care  must  be 
taken  to  remove  the  scales  or  film  of  oxide  foimed  upon  the 
surface  of  the  iron  during  the  process  of  rolling,  and  w^hich,  by 
the  formation  of  an  almost  imperceptible  rust,  becomes  detached 
from  the  iron  itself. 

An  attempt  to  prevent  this  rusting  is  sometimes  made  by 
dipping  the  iron  while  still  hot  in  oil.  This  plan,  however,  is 
expensive,  and  not  very  successful. 

Paraf&n  may  with  advantage  be  substituted  for  the  oil. 

The  scale  is  sometimes  got  rid  of  by  "  pickling,"  tlie  iron  being 
first  dipped  in  dilute  acid  to  remove  the  scale,  and  then  washed 
in  pure  water.    A  similar  process  is  applied  to  mild  steel. 

"  If  the  trouble  and  expense  were  not  a  bar  to  its  general 
adoption,  this  is  the  proper  process  for  preparing  wrought  iron  for 
paint,  and  it  is  exacted  occasionally  in  very  strict  specifications. 

"  But  somewhat  tlie  same  results  may  be  obtained  by  allowing 
the  ironwork  to  rust,  and  then  scraping  the  scale  off  preparatory 
to  painting.  If  some  rust  remains  upon  the  iron,  the  paint 
should  not  be  applied  lightly  to  it,  but,  by  means  of  a  hard  brush, 
should  be  mixed  with  the  rust."^ 

Ordinary  lead  paint  may  be  used  for  ironwork  but  it  is  thought 
that  the  lead  and  iron  are  apt  to  set  up  a  galvanic  action  together, 
which  destroys  the  paint. 

The  paints  made  with  oxide  of  iron  (some  of  which  will  be 
described  in  Part  III.)  are  therefore  preferable  for  this  purpose ; 
but  they  must  be  used  alone,  and  not  laid  upon  a  priming  contain- 
ing lead,  or  the  two  metals  will  set  up  a  galvanic  action  as  above 
described. 

Bituminous  paints  are  said  to  adhere  better  than  others  to  the 
surface  of  the  iron,  and  to  form  a  plastic  film  which  yields  without 
cracking  when  the  iron  expands  and  contracts  under  changes  ol 
temperature. 

'  Matheson's  Works  in  Iron. 
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All  tooled  surfaces  in  ironwork  should  be  coated  with  tallow 
and  white  lead. 

Gilding  is  of  two  kinds — "burnished"  bright  or  left  "dead." 
The  latter  description  is  most  usual  in  the  decoration  of  buildings. 

The  painted  surface  is  covered  with  "  oil  gold  size."  When 
tliis  is  dry  but  sticky,  the  gold  leaf  is  laid  on  in  narrow  pieces, 
overlapping  slightly  at  the  edges.  These  are  pressed  down  to  the 
surface  with  cotton-wool,  and  the  loose  portions  brushed  off 

In  gilding  varnished  work,  white  of  egg  beaten  up  in  water  is 
applied  to  those  parts  where  the  leaf  is  not  required  to  stick. 

When  woodwork  is  to  be  gilt  with  burnished  gold,  a  different 
size  is  used,  called  "  burnished  gold  size."  The  leaf  adheres  to  this, 
and  when  the  size  becomes  hard  the  surface  of  the  leaf  is  rubbed 
bright  with  a  dog's-tooth  or  other  burnisher. 

In  gilding  ironwork  the  surface  of  the  iron  must  be  very  care- 
fully cleaned,  and  then  painted,  first  with  two  coats  of  oxide  paint 
and  then  two  coats  of  lead  paint  of  light  colour.  It  is  then  ready 
for  sizing  and  gilding. 

PAPEEHANGING. 

Walls  to  be  papered  should  be  thoroughly  dry  before  the  paper 
is  hung. 

The  surfaces  of  walls  to  be  papered  for  the  first  time  should  be 
stopped,  rubbed  smooth  with  pumice-stone,  and  then  treated  with 
a  coat  of  size,  which  prevents  the  plaster  from  absorbing  the  paste. 

In  order  to  obtain  a  smooth  surface  to  work  upon,  a  plain 

coarse  white  "  lining  "  paper  is  sometimes  hung  first.     In  hanging 

lining  papers  the  edges  of  adjacent  pieces  overlap  about  -J  inch, 

and  are  distempered,  and  well  rubbed  down,  to  prevent  their 

showing  through  the  wall  paper.    Common  papers  are  hung  with 

their  trimmed  edges  facing  the  light,  so  that  they  may  not  cast  a 

shadow.    Good  papers  are  hung  edge  to  edge.^    Where  the  walls 

are  damp,  and  battening  with  lath  and  plaster  would  be  too 

expensive,  canvas  may  be  stretched  tight,  and  nailed  to  battens, 

to  receive  the  paper ;  it  is,  however,  generally  unsatisfactory,  as 

it  expands  and  contracts  with  the  changes  in  the  weather. 

The  heads  of  the  nails  securing  the  canvas  should  be  covered 

over  with  strips  of  common  paper  before  the  papering  is  hung. 

Iron  nails  should  be  painted. 

'  In  ceilings  the  edges  of  the  paper  should  run  at  right  angles  to  the  principal 
light  in  the  room. 
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Re-papering. — In  re-papering  walls  the  old  paper  should  be 
removed,  the  walls  scraped,  washed,  stopped,  and  coated  with  size  ; 
or,  if  the  old  paper  is  left  on,  a  coat  of  size  may  be  applied  to  it, 
and  then  over  that  a  coating  of  whiting  and  size  or  distemper. 

There  is  considerable  danger  in  leaving  the  old  paper  upon  the 
walls,  and  it  should  never  be  allowed,  as  the  paste  which  secures 
it  is  apt  to  become  decomposed  and  injurious  to  health. 

"  Indiaruhber,  gutta  percha,  laminated  lead,  and  tinfoil  papers  '  have  been  used 
as  lining  papers  for  walls  where  damp  would  be  likely  to  injure  the  paper ; 
but  all  these  are  now  superseded  by  the  papers  made  by  the  Willesden  Water- 
proof Paper  and  Canvas  Company,  34  Cannon  Street,  London,  which  are  much 
cheaper,  and  may  even  be  used  by  themselves,  being  supplied  in  certain  colours 
besides  admitting  of  being  coloured.'  The  drying  of  walls  may  be  quickened 
by  rubbing  them  over  with  sulphuric  acid."  ^ 


GLAZING. 

Glass  is  fitted  into  window-sashes  made  of  wood  or  iron,  or 
into  lead  work,  as  described  at  page  227. 

Glazing  in  Wooden  Sashes. — The  construction  of  a  wooden 
sash  has  been  described  at  page  100,  Chap.  V.,  and  it  has  been 
there  explained  that  the  styles  and  bars  of  the  sash  have  rebates 
formed  upon  their  inner  sides  to  receive  the  edges  of  the  panes 
with  which  they  are  to  be  glazed. 

The  size  of  the  squares,  and  the  stoutness  of  the  sash  bars,  should 
be  arranged  so  as  to  suit  the  kind  of  glass  intended  to  be  used. 

The  glass  is  cut  with  a  diamond  into  panes.  The  dimensions 
of  these  should  be  a  little  less  both  ways  than  the  distances  be- 
tween the  sides  of  the  rebates  upon  which  they  are  to  rest,  so 
that  the  edges  of  the  glass  nowhere  actually  touch  the  woodwork 
of  the  sash,  and  any  jar  received  by  the  latter  is  deadened  by  the 
intervening  putty  before  it  is  felt  by  the  glass. 


Fig.  291.  Fig.  292. 

A  layer  of  putty  is  spread  over  the  narrow  part  of  the  rebates, 
upon  which  the  glass  is  firmly  bedded.     This  is  called  the  hach 
putty ;  as  the  glass  is  pressed  upon  it  the  superfluous  putty  is 
^  Seddon's  Builders'  W ork. 
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squeezed  out  round  the  edges  of  the  panes,  and  cut  off  on  the 
inside. 

This  superfluous  putty  should  not  be  cut  off  for  four  or  five 
days,  as  its  removal  may  disturb  the  front  putty. 

The  back  putty  is  sometimes  omitted  in  inferior  work.  When 
plate-glass  is  used  it  is  not  required. 

The  glass  is  then  front-puttied,  the  rebate  is  stopped,  that  is 
filled  in  with  putty  to  a  triangular  section,  as  shown  in  Fig.  291. 
This  soon  hardens,  and  keeps  the  glass  secure. 

Care  must  be  taken  that  the  putty  does  not  project  beyond  the 
front  of  the  rebate,  so  as  to  be  seen  from  the  inside  of  the  window. 

Large  panes  of  plate-glass  are  not  back-puttied,  for  it  would  be 
useless  in  the  case  of  large  and  heavy  panes  to  attempt  to  com- 
press the  putty  when  bedding  the  pane. 

In  very  large  and  heavy  panes  copper  brads  or  sprigs  are  driven 
in  to  secure  the  glass  more  firmly  before  it  is  front-puttied,  or  the 
glass  may  be  secured  by  beads  or  mouldings  secured  to  the  bars  or 
frames  of  the  sashes,  as  in  Fig.  292. 

Large  panes  of  plate-glass  in  doors  are  sometimes  bedded  in 
wash-leather  or  vulcanised  indiarubber,  one  piece  glued  to  the  in- 
side of  the  rebate  the  other  placed  on  the  reverse  side  of  the 
glass  (see  i  i,  Fig.  292),  so  as  to  deaden  the  effects  of  concussion. 

Plate-glass  is  thick,  and  keeps  a  room  warm,  but  is  expensive, 
and  therefore  used  only  in  houses  of  a  superior  class. 

Firsts,  seconds,  and  thirds  sheet,  or  crown,  glass  are  used  in 
buildings  of  an  inferior  description  (see  Part  III.) 

The  glazing  is  generally  done  after  the  plastering  is  finished 
and  the  floors  laid,  and  before  the  painting,  the  sashes  being 
primed  however  before  the  glass  is  put  in,  in  order  to  prevent  the 
wood  from  absorbing  the  oil  out  of  the  putty.  The  surfaces  of 
all  puttied  joints  should  be  painted,  to  prevent  the  oil  from 
evaporating. 

Glazing  in  Ieon  Sashes. — Iron  sashes  have  bars  of  similar 
shape  to  that  of  wooden  sash-bars,  and  are  glazed  in  the  same 
way,  particidar  care  being  taken  that  the  glass  does  not  touch  the 
iron,  in  order  to  avoid  the  risk  of  its  being  broken. 

Glazing  Skylights. — As  already  mentioned  (see  p.  143), 
skylights  and  other  inclined  sashes  have  no  horizontal  sash-bars ; 
the  panes  are  made  to  overlap,  as  shown  in  Fig.  211.  When  they 
are  large  and  heavy,  any  tendency  for  them  to  slip  down  is  pre- 
vented by  hanging  the  tail  of  each  on  to  the  head  of  the  pane 
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below  by  means  of  a  zinc  or  copper  tingle,  as  shown  by  the  dark 
line  in  Fig.  211. 

"  Considerable  overlap  is  necessary  to  prevent  leakage,  for  the 
overlapping  surfaces  can  seldom  be  brought  into  direct  contact; 
consequently  wet  is  held  and  drawn  up  by  capillary  attraction, 
and  if  the  lap  is  not  sufficient  it  will  drip  over  the  heads  of  the 
under  sheets,  and,  moreover,  get  blown  up  by  the  wind  ;  therefore 
it  is  better,  if  possible,  to  keep  the  overlapping  surface  far  enough 
apart  to  prevent  any  capillary  action  coming  into  play.  The 
tails  of  Ithe  panes  are  frequently  cut  to  a  point  or  rounded  to 
throw  the  water  off  better,  as  well  as  to  turn  it  away  from  the 
sash-bars."  ^ 

Glazing  without  Putty. 

In  large  roofs,  especially  those  which  are  subject  to  vibration, 
as  in  the  case  of  railway  stations,  or  those  subject  to  hot  fumes 
such  as  arise  from  some  workshops,  it  is  desirable  to  avoid  the 
use  of  putty,  which  becomes  dried  and  loose,  and  is  shaken  out 
so  that  leaks  are  caused  in  the  roof. 

Every  good  system  of  glazing  without  putty  should  have  the 
following  characteristics. 

a.  It  should  be  simple  in  construction,  so  as  to  be  easily 
repaired  by  ordinary  workmen.  Broken  panes  should  be  easily 
replaced. 

h.  It  should  allow  of  expansion  and  contraction  of  the  roof  (if 
it  is  of  iron)  under  changes  of  temperature  without  breaking  the 
glass. 

c.  It  should  be  of  such  a  structure  and  strength  that  men  can 
easily  get  at  any  part  of  it  for  Cleaning  and  repairs. 

d.  The  fastenings  and  metal  parts  should  be  so  placed  as  to  be 
protected  from  corrosion  by  the  weather. 

e.  It  should  not  be  obscured  by  heavy  framing  or  sash  bars, 
but  should  give  a  good  proportion  of  light  for  the  area  it  covers. 

Of  late  years  many  systems  of  glazing  have  been  introduced 
in  which  the  use  of  putty  is  altogether  avoided. 

Of  those  now  in  use  the  principal  forms  are  shown  in  Plate 
IV.  The  writer  has  had  most  of  these  forms  tried.  He  pre- 
fers, however,  not  to  make  any  invidious  comparison  between 
them.  Sometimes  a  system  not  suitable  for  one  structure  is 
suitable  for  another. 

^  Seddon's  Builders^  Work. 
B.C.  II  O 
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SYSTEMS  FOR  GLAZING  WITHOUT  PUTTY.  Plate.iv. 


FIG,  293.  Jiendh's  '^Aone" System  for  squares  up  to  4ft.  in  length 
FIG.  294. 


rew  bolt  &•  nut 
faffing 


FIG.  295. 


Condensation 


Rendle's  'Invincible" System 
yor  squares  iip  to  8ft.  in  length. 

FIG.  296. 


Helliwell's   Perfection'  Bar. 

ZinCt  Copper,  or  Lead  top  caj>^ 


Pennycook's  Systenu 


British  Patent  Glazing  Comfany's 
System,  ^^^^^^ 
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The  student  can  test  these  forms,  and  many  others  that  he  will 
see  advertised  from  time  to  time,  by  the  list  of  characteristics 
given  above,  and  can  thus  form  an  opinion  as  to  which  is  best 
suited  for  a  particular  purpose. 

Lead  Work. 

The  small  diamond-shaped  panes  used  in  old  cottages  and  in 
churches  are  set  in  lead  strips  called  cames,  soldered  together  to 
form  the  panes. 

The  lead  is  first  cast  into  bars,  and  then  passed  through  a  vice, 
which  turns  them  out  in  cames  about  6  feet  long. 

The  section  of  the  cames  resembles  the  letter  H,  The  dimen- 
sions vary  according  to  the  purpose  for  which  the  lead  is  intended. 
In  the  size  most  commonly  used  the  sides  of  the  H  are  -|  inch 
long,  the  cross-bar  between  the  sides  inch  long,  and  the  thick- 
ness of  the  metal  about  inch. 

The  sides  of  the  cames  are  bent  down  so  as  to  admit  the  panes, 
and  then  turned  up  again,  so  as  to  form  a  groove  in  which  the 
edges  of  the  panes  are  secured. 

In  large  windows  the  leadwork  is  strengthened  by  iron  saddle- 
hars,  to  which  the  cames  are  secured  either  by  leaden  hands  or 
with  copper  wire  soldered  to  the  cames  and  twisted  round  the  iron. 
The  saddle-bars  themselves  are  supported,  when  necessary,  by  iron 
stay-hars,  or  standards,  which  are  fixed  in  the  masonry. 

Fretwork  is  somewhat  similar  to  the  leadwork  just  described, 
but  that  the  cames  are  of  much  lighter  section,  and  instead  of 
being  in  regular  shapes,  such  as  squares  and  diamonds,  the  pieces 
of  glass  are  cut  so  as  to  form  figures  or  other  patterns,  and  the 
cames  are  bent  round  to  fit  the  edges  of  the  pieces. 
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HEATING  AND  VENTILATING  BUILDINGS. 

IN  dealing  with  this  subject,  it  will  only  be  possible,  on  account 
of  the  limited  space  that  can  be  afforded  it,  to  touch  super- 
ficially on  the  chief  points  which  must  be  considered  in  selecting 
and  designing  heating  and  ventilating  apparatus. 

The  theory  of  heating  and  ventilating  is  in  itself  a  very  wide 
subject,  embracing  as  it  does  so  many  of  the  physical  sciences ; 
and  it  is  therefore  intended  to  pass  briefly  over  questions  of  theory, 
and  to  turn  rather  to  the  description  of  the  various  methods  in 
use  in  common  practice. 

There  is  a  development  going  on  at  the  present  time,  which  is 
in  itself  a  good  sign,  and  which  promises  to  improve  the  sanitary 
conditions  under  which  we  live.  Until  quite  recently  the  heating 
of  a  building  was  carried  out  by  one  engineer,  and  the  ventilating 
by  another.  There  was  no  connection  whatever  between  the  two 
installations,  and  consequently  the  result  was  generally  a  failure. 
"We  are  now  beginning  to  realise  that  they  cannot  be  treated 
separately;  but  that  they  are  both  parts  of  one  whole,  which 
must  be  taken  together  to  ensure  a  satisfactory  result. 

One  of  the  results  of  this  is,  that  architects  are  seeking  the 
assistance  of  a  consulting  engineer,  to  prepare  for  them  a  proper 
scheme,  and  to  make  out  a  plan  and  specification,  on  which  the 
competing  contractors  can  base  their  "estimate.  In  doing  so,  they 
are  undoubtedly  taking  a  very  wise  step.  There  is  nothing  that 
has  been  responsible  for  more  failure  in  heating  and  ventilating 
than  the  fact  of  leaving  each  of  the  contractors  to  prepare  a  scheme 
of  his  own.  The  knowledge  that  the  lowest  tender  will  probably 
be  accepted  prompts  them  to  cut  down  the  heating  surface,  size 
of  mains,  and  boiler  power ;  and  when  the  work  is  done  it  is  found 
to  be  inefficient.    Although  it  is  usual  to  guard  against  this,  by 
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(obtaining  a  guarantee  of  the  temperatures  at  which  the  various 
jrooms  are  to  be  maintained,  yet  nothing  is  more  difficult  than  to 
Ibind  a  contractor  to  a  guarantee.  The  part  of  a  room  which  is 
^nearest  to  the  source  of  heat  is  invariably  warmer  than  that 
^which  is  more  remote ;  and  now  that  radiators  have  been  almost 
mniversally  adopted  for  heating  surface — and  there  are  many 
treasons  which  make  them  the  most  suitable  form  of  heating 
Esurface — the  thermometer  readings  generally  show  a  considerable 
(difference  of  temperature  in  the  different  parts  of  a  room.  It  is 
(consequently  a  difficult  matter  to  decide  if  the  contractor  has 
(done  what  can  reasonably  be  expected  of  him. 

When  an  architect  is  unable  to  call  in  the  assistance  of  an 
(engineer  he  should  state  what  internal  temperature  it  is  desired 
ito  maintain,  with  a  given  external  temperature.    He  should 
;  always  require  of  each  contractor  (1)  a  full  description  of  the 
"boiler,  clearly  stating  the  amount  of  surface  it  is  capable  of  heating; 
((2)  the  exact  amount  of  heating  surface  that  has  been  provided 
:in  each  room  to  be  heated;  (3)  the  amount  of  air  provided  for 
ventilation  ;  and  (4)  the  means  by  which  the  air  is  to  be  admitted 
into  and  discharged  from  the  building.     From  these  particulars, 
it  is  a  simple  matter  to  see  what  each  contractor  is  quoting  for, 
and  to  form  some  opinion,  by  comparing  the  heating  surfaces,  as 
to  the  probable  results  which  will  be  obtained.   It  is  also  advisable, 
before  placing  the  order  for  the  work,  to  ask  the  contractor  by 
what  means  he  arrived  at  the  heating  surfaces ;  and  if  this  has 
been  done  in  a  proper  and  scientific  way,  the  contractor  will 
generally  be  willing  to  explain  his  method,  in  order  to  gain  the 
confidence  of  the  architect  and  so  secure  the  work. 

Of  the  many  forms  of  heating  apparatus  the  most  common  is 
the  open  fireplace.  It  has  two  points  in  its  favour :  it  is  pleasant 
to  look  at,  and  it  lends  valuable  aid  in  ventilation.  But  it  is  a 
very  extravagant  means  of  heating,  as  not  more  than  10  to  15 
per  cent  of  the  heat  units  in  the  consumed  fuel  are  utilised  for 
warming  purposes,  even  in  the  most  improved  forms  of  fireplaces, 
while  the  rest  are  carried  off  by  convection  up  the  chimney. 

The  open  fireplace  was  improved  many  years  ago  by  the  in- 
vention of  a  form  known  as  the  Gralton  grate.  In  this,  a  chamber 
was  built  at  the  back  of  the  fire,  and  connected  with  the  outer 
air.  By  contact  with  the  heated  plates  surrounding  the  fire  the 
air  in  the  chamber  became  heated,  and  its  specific  gravity  being 
reduced,  it  rose  up  a  fresh-air  flue,  which  was  provided,  and  dis- 
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charged  itself  into  the  room  near  the  ceiling  level.  As  air  was 
at  the  same  time  being  extracted  from  the  room  by  the  chimney, 
near  the  floor  level,  there  was,  no  doubt,  a  very  complete  circulation 
set  up.  The  appearance  of  the  grate  made  it  unsuitable  for  a 
well -designed  and  decorated  apartment;  but  for  barrack -rooms 
and  dormitories  it  was  found  to  be,  and  still  is,  a  very  useful 
form  of  apparatus. 

The  heating  stove  is  a  more  efficient  means  of  warming,  and 
there  are  many  forms  which,  on  the  same  principle  as  described 
in  reference  to  the  Galton  grate,  deliver  warmed  fresh  air  to  the 
apartment ;  but  they  are  unsightly,  they  take  up  useful  room,  and 
can  only  be  used  with  advantage  in  special  cases.  They  render 
the  air  very  hot  and  dry,  an  objection  which  can  be  overcome  by 
placing  an  open  vessel  of  water  upon  them  ;  and  they  occasionally 
emit  a  bad  smell,  by  decomposing  the  organic  matter  in  the  air 
which  comes  in  contact  with  the  highly  heated  surfaces.  More- 
over, in  the  case  of  cast-iron  stoves,  carbon  monoxide  is  diffused 
through  the  heated  plates. 

Whenever  a  building  is  warmed  by  several  small  fires,  it  may 
be  accepted  as  a  fact  that  a  very  great  waste  of  fuel  must  result. 
A  much  more  economical  arrangement  is  to  have  one  central 
furnace  from  which  the  heat  can  be  delivered  to  the  various  parts 
of  the  building. 

This  is  secured  in  several  forms  of  hot-water  and  steam-heating 
apparatus. 

The  usual  systems  of  hot- water  warming  are : — 

(1)  The  low-pressure  system. 

(2)  The  closed-tank  or  drop  system, 

(3)  The  high-pressure  system. 

The  low-pressure  system  is  the  one  in  most  general  use,  and 
is  highly  efficient,  if  properly  designed.  If  sufficient  heating 
surface  is  provided  within  the  boiler,  and  a  proper  flue  area, 
proportionate  to  the  grate-bar  area,  is  provided,  the  waste  heat  is 
reduced  to  a  minimum.  A  contracted  heating  surface  in  the 
boiler  will  cause  a  higher  temperature  in  the  chimney,  and  a 
greater  loss  of  heat  by  convection.  Badly  proportioned  flues  will 
cause  too  rapid  or  incomplete  combustion  of  the  fuel. 

The  apparatus  consists  of  a  boiler,  flow  and  return  main  pipes, 
and  radiating  surface. 

The  boiler  is  fixed  at  the  lowest  point ;  from  the  top  of  the 
boiler  the  flow  main  pipe  is  carried,  rising  throughout  its  entire 
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length,  to  the  radiating  surface.  The  return  main  is  brought  back 
from  the  radiating  surface,  falling  throughout  its  entire  length, 
until  it  is  connected  into  the  bottom  of  the  boiler.  On  lighting 
the  fire  in  the  boiler,  the  temperature  of  the  water  in  the  flow 
main  is  raised,  and  its  specific  gravity  consequently  falls  below 
that  of  the  water  in  the  return  main,  which  has  not  been  affected 
by  the  heat  of  the  fire.  Equilibrium  being  thus  upset,  the  water 
in  the  flow  main  rises,  while  that  in  the  return  main  falls.  The 
heated  water  from  the  flow  main  now  enters  the  radiating 
surface,  and  here  gives  out  its  heat,  by  radiation,  to  the  apartment 
which  is  to  be  warmed.  It  therefore  becomes  heavier  than  the 
water  in  the  flow  main,  and  falls  through  the  return  main  back 
to  the  boiler.  By  the  continual  repetition  of  this  process  the 
circulation  is  set  up.  The  motive  force  which  produces  this 
circulation  is  the  difference  of  weight  of  the  water  in  the  flow 
and  return  pipes. 

The  above  is  the  simplest  form  of  apparatus.  In  actual 
practice  there  are  frequently  several  flow  and  return  mains,  with 
several  branches  leading  from  them,  but  the  same  principles  apply 
and  a  circulation  is  set  up  in  each  main,  a  tendency  for  one  main 
to  take  precedence  over  the  others  being  regulated  by  valves 
placed  in  the  various  mains. 

At  the  highest  point  in  this  system  is  a  tank,  which  is  open 
to  the  atmosphere.  This  tank  is  provided  for  the  expansion 
which  takes  place  in  bulk  of  the  water  when  it  is  heated.  Its 
cubic  contents  are  therefore  proportionate  to  the  volume  of  water 
in  the  apparatus,  and  the  number  of  degrees  through  which  it  is 
heated.  It  is  also  a  convenient  place  at  which  to  lay  on  the 
supply  to  the  apparatus ;  the  service  being  brought  to  the  tank, 
terminating  in  a  ball  valve.  The  supply  is  usually  carried  from 
the  tank,  to  one  of  the  return  main  pipes,  as  near  the  boiler  as 
possible. 

An  air-tap  must  be  provided  at  any  point  in  which  air  is  likely 
to  collect,  such  as  at  the  top  of  all  radiators  and  the  syphon  ends 
of  runs  of  piping.  If  the  air  is  not  allowed  to  escape,  it  quickly 
forms  a  large  air  bubble  which  effectively  cuts  off  the  circulation 
of  the  water. 

The  second  method  is  a  slight  modification  of  the  above 
apparatus.  In  this  case,  instead  of  an  open  cistern,  a  closed  tank 
is  fixed  at  the  highest  point,  and  provided  with  a  relief  valve  for 
releasing  the  pressure  when  it  becomes  too  great.    It  may  be 
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called  the  "  medium-pressure  system."  It  is  constructed  in  very 
much  the  same  manner  as  the  low-pressure  apparatus.  The 
advantage  of  having  the  closed  tank  is,  that  the  temperature  of 
the  water  can  be  raised  above  the  ordinary  boiling-point,  so 
reducing  the  amount  of  radiating  surface  necessary.  The  boiler 
is  placed  at  the  lowest  point,  and  the  main  flow  and  return  pipes 
are  carried  to  and  from  the  tank,  but  the  branches  are  carried 
round  the  top  of  the  building,  with  drop  mains  to  the  bottom  of 
the  building.    The  radiating  surfaces  are  usually  connected  to 


Drop  Main.    Distributing  Fittings  at         Fig.  302.    Section  of  Distributing 
points  marked  A.  Fitting. 

these  drop  mains,  as  shown  in  Fig.  301.  The  branch  tee,  which 
is  called  a  distributing  fitting,  is  shown  in  section  in  Fig.  302, 

The  circulation  is  somewhat  quicker  in  this  system,  and  the 
main  pipes  can  be  of  rather  smaller  diameter  than  for  the  low- 
pressure  system. 

The  third  method  of  hot -water  heating  is  called  the  high- 
pressui-e  system.  In  this  the  heating  surface,  mains,  and  radiating 
surface  are  formed  of  an  endless  pipe  of  very  stout  wrought  iron, 
generally  of  about  -|"  internal,  and  lyV'  external  diameter ;  but 
sometimes  1"  pipes  are  used  for  portions  of  the  apparatus. 

The  ends  of  the  tubes  are  cut  with  right  and  left  hand  threads, 
the  former  being  faced,  and  the  latter  coned.  The  socket  for 
connecting  them  is  also  cut  with  right  and  left  hand  threads,  and, 
upon  screwing  up,  the  cone  end  is  forced  into  the  faced  end,  and 
thus  forms,  without  any  packing,  a  perfectly  sound  metallic  joint. 
An  illustration  of  this  joint  is  shown  in  Fig.  303. 

The  lower  portion  of  the  endless  tube  is  made  into  a  coil,  inside 
the  furnace,  which  is  either  of  wrought  iron  or  brick-work,  the  latter 
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Fig.  303. 
High-pressure  Joint. 


method  being  adopted  where  more  than  1800  or  2000  feet  of 
piping  is  to  be  heated.  The  return  pipe  near  the  boiler  is  some- 
times coiled  and  placed  in  the  flue. 

The  boiler  is  placed  at  the  lowest  point  of 
the  apparatus,  and  although  dips  are  not  so 
detrimental  to  the  effective  working  of  the 
apparatus  as  in  the  low-pressure  system,  it  is 
well  to  avoid  them  if  possible. 

In  filling  the  apparatus  care  must  be  taken 
to  entirely  free  the  pipes  from  air. 

The  apparatus  is  filled  by  pumping  in  water 
at  a  point  near  the  boiler  marked  A  in  Fig. 
304;  pumping  is  continued  until  the  water 
escapes  from  the  pipe  B,  which  is  fixed  above 
the  highest  point  of  the  circulation.  A  cap  is 
screwed  on  at  B  and  the  apparatus  tested;  as 
the  test  is  carried  out  when  the  pipes  are  cold, 
it  is  necessary  to  subject  them  to  a  pressure 
varying  from  1500  lbs.  to  3000  lbs.  per  square 
inch,  depending  upon  the  temperature  required. 
This  is  done  because,  although  when  working  the  pressure  is 
much  lower  (on  an  average  500  lbs.  per  square  inch),  the  pipes 

when  hot  have  their  strength  con- 
siderably lessened,  especially  in 
the  case  of  the  boiler  coil. 

At  the  highest  point  in  the 
apparatus  an  expansion  tube  C  is 
fixed  (Fig.  304).  It  varies  in 
diameter  from  2  to  6  inches,  de- 
pending on  the  amount  of  water 
in  the  pipes.  When  the  apparatus 
is  filled  in  the  first  place,  the 
tube  C  only  should  contain  air. 
As  the  water  expands  when  the 
apparatus  is  working,  it  forces  its 
way  into  this  tube,  and  cushions 
against  the  air  contained  therein. 
The  compressibility  of  this  air 
prevents  bursting,  which  would  be  inevitable  were  the  apparatus 
quite  full  of  water. 

In  public  buildings  or  ordinary  dwellings,  where  moderate 


Boiler 


Fig,  304.    Single  Circulation. 
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temperatures  are  required,  a  relief  valve  is  more  frequently  used 
than  an  expansion  tube.  A  sketch  of  this  valve  is  given  in 
rig.  305.  The  valve  is  immersed  in  a  cistern  of  water,  and 
when  the  pressure  becomes  too  high,  the  valve  opens  and  releases 
some  of  the  water,  thus  reducing  the  pressure.  On  the  other 
hand,  when  the  water  gets  cooler  in  the  apparatus,  the  resulting 


Fig.  305.    Belief  Valve.  Fig.  306.    Duplicate  Circulation. 

vacuum  causes  water  to  rush  in  through  the  inlet  portion  of  the 
valve. 

In  the  high-pressure  system  the  circulation  may  be  arranged 
in  four  ways,  viz. : — 

(1)  The  single  circulation  (Fig,  304),  in  which  the  boiler  coil 
and  radiating  pipes  are  practically  one  long  tube. 

(2)  The  duplicate  circulation  (Fig.  306),  having  more  than 
one  complete  single  circulation,  the  boiler  coils  being  in  the  same 
furnace. 

(3)  The  branch  circulation  (Fig.  307),  in  which  branches  are 
taken  off  from  different  points  in  the  flow  mains,  and  rejoined  to 
different  points  in  the  return  mains.  The  object  here  is  to  allow 
various  portions  of  the  circuit  to  be  cut  off  without  interfering 
with  the  remainder ;  and  also  to  shorten  the  circuits  and  so  get 
the  water  back  to  the  boiler  more  quickly.    The  various  circuits 
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would  have  to  be  supplied  with  valves  to  prevent  one  taking  the 
lead  to  the  detriment  of  the  other. 

(4)  Crossed  circulation  (Fig.  308).  This  arrangement  is 
perhaps  the  best,  where  a  large  amount  of  piping  is  used.  Take, 
for  instance,  an  apparatus  in  which  there  is  a  length  of  3000  ft. 
of  pipe.  This  would  be  arranged  in  six  cross  circuits,  each 
working  about  500  ft.  It  will  be  easily  seen  that  this  is  much 
better  than  having  one  long  circuit ;  for  owing  to  the  smallness 
of  the  pipe  the  heat  is  radiated  long  before  the  water  gets  back 


Fig.  307.    Branch  Circulation.  Fig.  308.    Crossed  Circulation. 

to  the  boiler,  thus  rendering  a  portion  of  the  piping  almost  useless 
for  heating  purposes. 

Where  high  temperatures  are  required  this  system  is  very 
useful;  but  for  ordinary  warming  purposes  for  buildings  or 
dwellings  it  cannot  be  recommended,  because  the  air  is  rendered 
undesirable  for  breathing  by  contact  with  the  highly  heated 
surfaces  of  the  pipes. 

The  systems  of  steam  heating  are  known  as  (1)  the  high- 
pressure  system,  and  (2)  the  low-pressure  or  gravity  circulation 
system.  In  the  former,  live  steam  of  any  pressure  is  provided 
in  the  boiler,  and  conveyed  in  the  main  steam  pipe  to  the 
radiating  surface,  the  condense  being  discharged  through  steam 
traps  and  pumped  back  into  the  boiler.  This  method  of  heating 
is  only  employed  where  steam  is  required  for  engines  or  some 
other  purpose.  With  high-pressure  steam,  radiators  are  not  used. 
The  radiating  surface  generally  consists  of  coils  of  wrought-iron 
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pipes.  At  any  point  where  condensed  water  can  accumulate,  a 
steam  trap  must  be  fixed.  (A  steam  trap  is  an  automatic  appliance. 
It  discharges  the  condensed  water,  which  can  then  be  drained  back 
into  the  hot  well  or  sump  and  pumped  again  into  the  boilers.) 

In  the  low-pressure  or  gravity  circulating  system,  the  steam  is 
usually  produced  in  a  cast-iron  boiler,  used  only  for  warming 
purposes.  The  pressure  is  limited  to  7  or  8  lbs.  per  square  inch, 
and  cast-iron  radiators  are  used  for  the  radiating  surface.  The 
steam  is  conveyed  to  the  radiators  in  the  steam  main,  and  the 
condensed  water  is  returned  to  the  boiler  in  the  condense  main. 
In  erecting  an  apparatus  it  is  of  the  greatest  importance  to  arrange 
the  main  pipes  in  such  a  manner  that  the  flow  of  the  steam  and 
the  condensed  water  shall  always  be  in  the  same  direction.  Steam 
mains  are  never  fixed  quite  horizontally.  A  slight  inclination 
must  be  given  the  pipes  so  that  the  condensed  water  cannot  stand 
in  the  pipes.  This  inclination  is  called  the  pitch.  The  steam 
main  is  generally  taken  vertically  from  the  boiler  to  its  highest 
point,  and  from  there  the  horizontal  distance  is  covered  with  a 
slightly  falling  pitch.  When  the  horizontal  distance  is  great,  it 
is  sometimes  necessary  to  form  what  are  called  relays  in  the 
steam  main.  These  are  points  where  the  pipe  has  to  be  carried 
vertically  upward  for  a  foot  or  two,  so  that  the  pitch  for  the  next 
section  of  the  main  may  still  be  downwards.  Wherever  a  relay 
occurs,  it  is  necessary  to  provide  what  is  called  a  drip  pipe,  which 
is  carried  from  the  bottom  of  the  relay  into  the  return  or  condense 
main.    This  prevents  condensed  water  from  accumulating  in  the 

steam  main,  and  so  causing  what  is 
known  as  water-hammer.  Drip  pipes 
must  be  provided  at  all  points  where 
water  can  accumulate.  The  return  or 
condense  main  must  be  inclined  down- 
wards from  its  farthest  point  to  the 
boiler.  All  valves  used  in  steam  heating 
should  be  full  way.  Globe  valves  should 
not  be  used,  because  in  the  latter  the 
Back  ^ressure  Val  e  ^^ating,  on  which  the  valve  shuts  down, 
a  -pressure  a  ve.  considerably  above  the  bottom  of  the 

pipe,  and  thus  forms  an  obstruction  which  holds  up  condensed 
water.  At  all  points  where  air  can  lodge,  automatic  air  valves 
must  be  provided.  These  valves  have  a  sensitive  plug  which 
allows  air  to  pass  out,  but  when  the  steam  comes  in  contact  with 
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it,  it  expands  with  the  heat  of  the  steam  and  so  closes  the  valve. 
A  back-pressure  valve  (Fig.  309)  must  also  be  provided  in  the 
condense  main  near  the  boiler.  This  valve  prevents  the  pressure 
in  the  boiler  from  being  transmitted  up  the  condense  main. 

Exhaust  steam  from  engines  can  often  be  economically  used 
for  warming  purposes.  As  near  as  possible  to  the  engine,  the 
exhaust  steam  is  taken  into  what  is  called  a  heater  or  calorifier. 
This  is  a  strong  cast-iron  receptacle  usually  in  the  form  of  a 
cylinder.  It  contains  a  battery  of  copper  pipes  through  which 
the  exhaust  steam  passes.  Surrounding  the  copper  pipes  is  a 
space  containing  the  water  used  for  heating.  The  exhaust  steam 
on  entering  the  calorifier  quickly  condenses  by  imparting  its  heat 
to  the  water.  In  doing  so  it  tends  to  form  a  vacuum,  and  so 
takes  pressure  off  the  engine.  The  condense  is  carried  into  the 
sump  and  pumped  back  into  the  boiler.  When  this  method  of 
heating  is  adopted,  the  calorifier  takes  the  place  of  the  heating 
boiler,  and  the  flow  and  return  main  pipes  are  carried  from  it  in 
exactly  the  same  way  as  described  in  the  low-pressure  water- 
warming  system. 

Live  steam  is  often  utilised  for  warming  in  the  same  manner. 

In  all  the  above  systems  the  warming  is  effected  by  what  is 
called  "  direct  heating,"  that  is,  the  radiating  surface  is  fixed 
inside  the  apartment  which  it  is  required  to  warm. 

There  is  another  method,  known  as  "  indirect  or  air  heating." 
In  this  the  warming  is  effected  by  heating  the  air  outside  and  dis- 
charging it  into  various  apartments  through  air-ducts.  In  other 
words,  the  ventilation  of  the  building  becomes  a  part  of  the  scheme. 

The  efficiency  of  an  indirect  heating  apparatus  depends  upon 
the  means  provided  for  the  introduction  of  the  fresh  warmed  air, 
and  the  carrying  away  of  the  vitiated  air  from  the  building.  This 
may  be  done  by  what  is  called  natural  ventilation,  or  mechanical 
ventilation. 

In  all  movement  of  air,  work  is  being  performed  by  some  force, 
and  in  natural  ventilation  it  is  the  force  of  gravity.  It  operates 
upon  the  difference  in  the  specific  gravity  of  the  air  inside  the 
building,  which  is  heated,  and  that  outside  the  building,  which  is 
not  heated.  The  greater  the  difference  between  the  internal  and 
external  temperature,  and  consequently  the  specific  gravity  of  the 
internal  and  external  air,  the  more  rapid  is  the  change  of  air. 
The  nearer  the  internal  and  external  temperatures  approach,  the 
less  rapid  becomes  the  change. 
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In  the  latter  case  the  conditions  are  very  unfavourable  for  the 
efficient  working  of  all  natural  ventilation  systems;  and  as  it 
sometimes  happens  that  ventilation  is  needed  most  just  when  the 
conditions  are  least  favourable,  such  a  system  cannot  be  relied 
upon  to  fulfil  what  is  required  of  it.  The  principle  of  heating 
the  air  at  the  base  of  the  extraction  flues  will  certainly  in  some 
measure  overcome  the  difficulty,  but  it  is  obviously  a  very  waste- 
ful method,  and  cannot  be  recommended  on  the  grounds  of 
economy.  Neither  will  the  fixing  of  large  cowls,  or  extract 
ventilators,  on  the  top  of  these  flues  ensure  the  movement  of  the 
large  volume  of  air  which  is  necessary,  for  they  depend  in  their 
operation  upon  the  movement  of  the  external  air.  It  is  true  that 
a  strong  wind  passing  across  the  opening  at  the  top  of  a  flue  does 
produce  considerable  aspirating  effect,  but  when  the  air  is  calm 
this  aspiration  is  reduced  to  a  minimum. 

The  best  form  of  indirect  heating,  which  comes  under  the 
heading  of  natural  ventilation,  is  the  hot-air  furnace.  The 
furnace  is  placed  in  the  basement  of  the  house,  and  is  encased  in 
an  air-chamber,  formed  either  in  brick- work  or  metal  casing.  The 
supply  of  air  is  brought  to  the  bottom  of  this  chamber  in  a  main 
flue  from  the  outside  air,  and  so  arranged  that  in  entering,  it 
impinges  upon  the  heated  surfaces  of  the  furnace.  From  the  top 
of  the  air-chamber  flues  are  taken  to  the  various  rooms.  All 
horizontal  runs  of  these  flues  should  be  circular,  because  a 
circular  pipe  offers  less  surface  for  friction  than  a  rectangular 
pipe  of  equal  area.  The  vertical  portions,  or  stacks,  are  usually 
made  rectangular,  for  convenience  in  fixing  in  the  walls  and 
partitions  of  the  building.  Escape  flues  must  be  provided  in 
each  room,  otherwise  the  circulation  of  the  air  will  be  very  un- 
certain. The  force  which  causes  the  circulation,  being,  as  before 
described,  the  difference  in  the  weight  of  the  heated  air  in  the 
flues  and  the  colder  air  outside,  is  very  small.  Consequently  the 
horizontal  distance  (where  the  greatest  frictional  resistance  occurs) 
which  the  air  will  travel  is  short,  and  on  account  of  this,  furnace 
heating  is  not  suitable  for  buildings  of  large  extent.  But  for  a 
small  building,  such  as  an  ordinary  residence,  a  well -designed 
apparatus  will  give  good  results. 

There  is  another  system  in  which  natural  ventilation  can  be 
made  to  work  well.  This  is  a  combination  of  direct  with  indirect 
heating.  In  this  system  a  hot-water  or  steam-heating  apparatus 
is  fixed,  as  before  described,  with  radiators  for  the  radiating  sur- 
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face.  These  radiators  are  connected  directly  with  the  outside 
air.  By  this  means  fresh  air  can  be  drawn  in,  being  warmed  by 
contact  with  the  heated  surfaces  of  the  radiators,  and  discharged 
into  the  building.  Provision  must  be  made  for  the  out-going 
air,  and  if  this  is  done  by  means  of  a  fan,  it  can  no  longer  be 
called  natural,  but  mechanical  ventilation.  With  the  addition  of 
the  fan  this  system  becomes  a  highly  satisfactory  one,  and  can  be 
adopted  with  advantage  in  almost  any  class  of  building. 

There  are  two  other  systems  of  combined  heating  and 
mechanical  ventilation.  They  are  both  operated  by  means  of  a 
fan,  or  blower.  In  the  first,  the  air  is  drawn  in  by  the  fan,  and 
blown  over  the  heating  surface,  which  is  usually  heated  by  steam, 
and  conducted  in  flues  to  the  various  rooms  to  be  heated.  In 
connection  with  the  fan  a  cold-air  flue  is  also  carried  beside  the 
hot-air  flue.  These  flues  are  united  before  the  air  enters  the 
rooms,  and  by  means  of  regulating-valves  the  temperature  of  the 
room  can  be  controlled.  The  valves  are  so  arranged  that  when 
one  is  opening  the  other  is  closing,  so  that  the  mixture  of  the 
heated  and  cold  air  can  be  regulated. 

In  the  second  system,  the  heating  surface  is  not  concentrated 
at  one  point,  but  is  divided  up  and  fixed  at  the  bases  of  the 
various  upright  flues,  or  stacks.  In  this  arrangement  of  heating 
surface,  only  one  air- duct  is  required  from  the  fan  to  each  heater, 
a  bye-pass  being  provided  at  each  heater.  By  the  same  arrange- 
ment of  valves  the  air  may  be  made  to  pass  through  the  heater, 
or  the  bye-pass,  in  whatever  proportion  desired. 

In  both  the  above  systems  it  is  usual  to  pass  all  the  air,  before 
it  reaches  the  fan,  over  what  is  called  a  tempering  coil.  This 
coil  is  usually  designed  of  sufficient  size  to  heat  all  the  entering 
air  to  a  moderate  temperature,  so  that  there  is  no  possibility  of 
any  very  cold  air  being  discharged  into  the  rooms  in  cold 
weather. 

The  fan  or  blower  is  generally  fixed  in  the  basement  of  the 
building,  and  can  be  operated  either  by  running  a  counter  shaft 
from  an  engine  (which  may  be  directly  connected,  or  connected 
by  belting),  or  by  an  electric  or  water  motor.  It  can  be  most 
economically  driven  by  a  steam-engine,  so  arranged  that  the 
steam  after  passing  through  the  engine  is  used  in  the  heating 
coils.  This  method  is  the  cheapest  for  a  large  installation, 
because  only  a  small  percentage  of  the  heating  power  of  the 
steam  is  lost  in  operating  the  engine,  and  the  cost  of  the  motive 
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power  is  thus  reduced  to  a  minimum.  When  the  fan  is  only 
occasionally  required,  it  is  generally  most  convenient  to  run  it  by 
an  electric  motor. 

These  two  systems  of  heating  and  ventilating  can  also  be 
worked  by  exhausting  fans,  on  what  is  known  as  the  Extractum 
System.  But  in  this  case  there  is  always  a  danger  of  air  leaking 
in,  which  does  not  pass  over  the  heating  surfaces,  so  interfering 
with  its  proper  working. 

As  a  general  rule  it  may  be  accepted  that  a  system  of 
mechanical  ventilation  is  more  economical  and  reliable  than  one 
which  depends  upon  heated  flues.  The  air  can  also  be  filtered, 
and  in  dry  weather  moistened  by  passing  it  through  sprays  of 
water;  and  although  the  cost  of  installing  the  apparatus  is  of 
necessity  large,  when  one  takes  into  consideration  the  amount  of 
mechanical  work  done  in  heating  and  ventilating,  the  reliability 
of  a  well -designed  system,  and  the  importance  of  the  result, 
it  cannot  be  doubted  that  it  is  money  well  spent. 

It  may  here  be  appropriate,  in  considering  the  amount  of  fresh 
air  required  for  ventilation,  to  refer  briefly  to  the  theoretical  side 
of  the  question. 

Air  is  a  mixture  of  nitrogen,  oxygen,  and  carbonic  acid  in 
about  the  following  proportions  :  nitrogen,  79-04  ;  oxygen,  20*92; 
carbonic  acid,  -04.  It  also  contains  watery  vapour,  ammonia, 
and  various  impurities,  such  as  road  dust,  vegetable  matter, 
mineral  matter,  exhalations  from  the  human  body,  human  hair, 
bacteria,  and  fibrous  matter.  About  1  per  cent  of  what  was 
thought  to  be  nitrogen  was  recently  found  to  be  a  gas,  previously 
unknown.  It  was  named  argon  by  Lord  Eayleigh  and  Professor 
Eamsay,  who  discovered  it. 

Mtrogen,  which  forms  the  largest  constituent  of  the  air,  is 
probably  a  diluent  of  the  oxygen,  reducing  its  strength  and  the 
rapidity  of  its  action.  It  is  essential  to  all  forms  of  life.  It  is 
also  thought  to  supply  all  vegetation  with  nourishment. 

Oxygen  is  the  most  important  element  in  the  air.  It  is 
necessary  to  all  forms  of  life.  It  is  continually  being  used  up 
in  the  respiration  of  all  animal  life,  and  in  combustion. 

Carbonic  acid  is  a  combination  of  carbon  and  oxygen — one 
part  of  carbon  uniting  with  two  parts  of  oxygen.  Under  the 
influence  of  sunlight  it  is  breathed  in  by  plants,  which  retain 
the  carbon  and  set  free  the  oxygen.  It  is  also  given  out  in 
combustion,  arid  by  men  and  animals  in  respiration. 
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Wherever  men  congregate  in  an  enclosed  space,  the  proportion 
of  carbonic  acid  in  the  air  quickly  rises. 

Carbonic  acid  exists  in  pure  air  to  the  extent  of  '04  parts  per 
cent.  Whatever  amount  there  happens  to  be  above  that  pro- 
portion must  be  looked  upon  as  an  impurity. 

The  object  of  ventilation  is  to  maintain  the  air  as  far  as  pos- 
sible in  the  proportions  given  above.  There  is  no  practical 
means  of  purifying  the  air  within  a  building;  therefore  it  is 
necessary  to  induce  fresh  air  to  enter  it.  But  as  this  in-coming 
air  contains  already  its  proportion  of  carbonic  acid,  it  is  obvious 
that  whatever  quantity  enters,  the  resulting  mixture  must  con^ 
tain  a  greater  proportion  than  -04  parts  per  cent.  Eecognising 
this  fact,  it  has  been  generally  agreed  that  if  the  mixture  does 
not  contain  more  than  '06  parts  per  cent  of  carbonic  acid,  the 
hygienic  condition  is  as  good  as  can  be  reasonably  maintained. 
The  proportion  of  "06  parts  of  carbonic  acid  per  cent  is  called 
the  maximum  limit  of  impurity. 

The  ill-effects  of  impure  atmosphere  are  not  entirely  due  to 
the  excess  of  carbonic  acid.  Organic  matter,  impurities  given 
off  from  the  skin  and  lungs  of  human  beings,  and  also  the 
reduction  of  the  oxygen,  are  contributory  causes.  But  carbonic 
acid  is  a  gas  of  which  the  quantity  can  be  accurately  measured, 
and  it  has  been  found  that  by  limiting  it  to  '06  parts  per  cent, 
the  other  impurities  are  also  limited  to  an  extent  which  renders 
them  comparatively  harmless. 

As  has  already  been  stated,  carbonic  acid  is  given  off  in  com- 
bustion. Therefore  all  illumination  which  is  due  to  combustion, 
adds  to  the  amount  of  carbonic  acid  in  the  air.  This  must  be 
taken  into  account  in  considering  the  problem  of  ventilation. 

The  most  common  illuminants  are  coal-gas,  oil,  and  candles. 
Less  common,  but  much  more  hygienic,  are  the  incandescent 
electric  lamp  and  the  arc  electric  light.  Neither  of  these  are 
due  to  direct  combustion  within  the  room  they  illuminate.  The 
former  is  produced  by  the  passing  of  an  electric  current  through 
a  very  fine  thread  of  carbon  or  platinum,  which  is  tli.ereby 
rendered  incandescent.  The  thread  being  enclosed  in  a  hermeti- 
cally sealed  glass  globe,  is  entirely  cut  off  from  the  surrounding 
air,  and  is  consequently  unable  in  any  way  to  vitiate  it.  The  arc 
lamp  is  not  enclosed,  and  although  it  is  said  to  vitiate  the  air  ta 
some  extent  by  the  formation  of  nitric  acid,  its  effect  is  much, 
less  harmful  than  gas,  oil,  or  candles. 

B.C.  II  R 
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The  unit  of  light  adopted  in  this  country  is  a  sperm  candle  of 
the  size  called  "sixes";  it  burns  120  grains  per  hour,  and  gives 
a  light  which  is  known  as  "  one  candle-power."  A  candle  of  this 
size  yields  -41  cubic  feet  of  carbonic  acid  per  hour. 

Paraffin  oil,  on  account  of  its  high  illuminating  power  and 
comparative  cheapness,  is  most  generally  used  for  lamps.  When 
burnt  in  a  good  lamp,  the  consumption  of  about  62  grains  per 
hour  gives  a  light  equal  to  one  candle-power,  and  produces  -28 
cubic  feet  of  carbonic  acid. 

Coal-gas,  burnt  in  an  ordinary  No.  4  or  5  fish-tail  burner, 
gives  a  light  of  about  16  candle-power,  and  burns  4  or  5  cubic 
feet  per  hour;  one  cubic  foot  gives  off  about  "52  cubic  feet  of 
carbonic  acid,  or  about  -13  cubic  feet  per  candle-power. 

The  amount  of  carbonic  acid  given  out  per  candle-power  of 
these  three  is  therefore  as  follows : — 

Candle   "41  cubic  feet  of  carbonic  acid. 

Oil  lamp  .....      '28        „  ,,  ,, 

Gas  (in  ordinary  burner)  .       .       .      "13        ,,  „ 

Illuminating  by  candles  therefore  is  more  harmful  than  by  lamps, 
which  is,  in  turn,  more  harmful  than  illuminating  by  gas.  But 
it  must  be  borne  in  mind  that  where  candles  or  lamps  are  used, 
we  are  generally  satisfied  with  a  much  lower  degree  of  illumina- 
tion than  when  gas  is  used.  Tor  instance,  in  an  ordinary  small 
room  we  should  require  at  least  16  candle-power  gas  illumina- 
tion, whereas,  if  candles  were  used,  one  or  two  candle-power 
placed  in  a  position  where  the  light  falls  upon  the  work  or  book 
we  are  using  is  generally  deemed  sufficient. 

It  may  therefore  be  accepted  that  in  gas  illumination  the 
greatest  amount  of  carbonic  acid  is  given  off;  and  it  is 
customary  to  provide  for  about  500  cubic  feet  of  fresh  air  for 
each  cubic  foot  of  gas  burnt.  This  is  not  so  great  as  the 
amount  of  fresh  air  wliich  would  be  required  for  the  same 
quantity  of  carbonic  acid  given  off  by  respiration.  But  where 
respiration  is  concerned  there  are  also  the  impure  exhalations 
from  the  lungs  and  skin  to  be  taken  into  consideration. 

In  the  incandescent  gas  light,  the  illumination  is  obtained  on 
a  more  scientific  principle.  Here  an  ordinary  Bunsen,  or 
atmospheric  burner  is  used.  The  air  unites  with  the  gas,  and  the 
combustion  is  more  complete.  Less  unbnrnt  particles  of  carbon 
escape,  and  by  rendering  a  gauze  asbestos  mantle  incandescent,  a 
higher  illuminating  power  per  cubic  foot  of  gas  is  obtained,  and 
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consequently  fewer  cubic  feet  are  required.  But  for  each  cubic 
foot  it  is  advisable  to  allow  for  the  same  amount  of  fresh  air  as 
in  the  ordinary  gas  burner. 

The  following  table  gives  the  amount  of  fresh  air  required  per 
hour  for  ventilation,  for  various  kinds  of  illumination : — 


For  each  candle     .......  400  cubic  feet 

For         lamp   1500 

For    ,,    cubic  foot  of  gas     .....  500    ,,  ., 

For    ,,    incandescent  electric  lamp       .       .        .  Nil. 

For  arc  electric     .......  Nil. 


The  next  point  to  be  considered  is  the  amount  of  fresh  air 
required  per  person.  Here  again  sufficient  fresh  air  must  be 
provided  to  dilute  the  air  to  such  an  extent  that  the  amount  of 
carbonic  acid  it  contains  shall  not  exceed  '06  parts  per  cent.  It 
is  therefore  necessary  to  find  out  how  much  carbonic  acid  is  given 
out  per  person. 

In  the  article  on  "  Eespiration  "  in  the  Encyclopcedia  Britannica 
the  following  breathing  table  is  given : — 

Entering  Air.       Respired  Gases. 
Oxygen   .       .       per  cent  of  volume       .       .    20-84  to  20-92  16-03 
Nitrogen        .  „  •       •    79-00  to  79-05  79-02 

CO2.       .       .  „  •       ■  0-04  3-3  to  5-5 

The  most  important  fact  to  notice  in  this  table  is  that  the 
carbonic  acid  is  increased  in  quantity  very  considerably. 

Physiologists  state  that  in  each  respiration  an  adult  male 
requires  20  cubic  inches  of  air,  and  that  from  16  to  24 
respirations  take  place  per  minute:  so  from  320  to  480  cubic 
inches  of  air  are  required  per  minute. 

Taking  the  greater  amount,  an  adult  breathes  in  and  exhales 
28,800  cubic  inches  per  hour.  But  by  the  above  table  about 
4  per  cent  of  this  will  be  carbonic  acid.  So  each  adult  male 
will  exhale  1152  cubic  inches  or  "66  cubic  feet  of  carbonic  acid 
per  hour. 

Now  the  air  supplied  for  ventilation  may  be  assumed  to 
contain  '04  per  cent  or  -4  cubic  feet  per  1000.  The  maximum 
permissible  impurity  being  '6  per  1000,  each  in-coming  thousand 
feet  of  air  can  take  up  -2  cubic  feet  of  carbonic  acid.  Therefore 

•66 

the  total  amount  of  air  required  for  each  adult  will  be  =3-3 

thousand,  or  3  3  0  0  cubic  feet. 

Under  the  influence  of  hard  manual  work,  respiration  is 
quickened,  and  it  has  been  estimated  that  a  male  doing  very 
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hard  work,  such  as  would  occur  in  a  gymnasium,  gives  off  1"96 
cubic  feet  of  carbonic  acid  per  hour.  When  employed  on  manual 
labour,  as  in  workshops,  "9  5  cubic  feet  per  hour. 

A  female  at  rest  gives  out  '60  cubic  feet  per  hour,  and  a 
child  '40  cubic  feet  per  hour. 

From  the  above  details,  the  following  table  has  been  com- 
piled, each  case  being  worked  out  in  the  same  way  as  the 
example  given : — 

^       °  Number  of  cubic  feet 

fresh  air  required 
per  hour  per  head. 

Adult  male,  very  hard  at  work       .       .       .       .       .       .       .  9800 

,,        ,,     ordinary  manual  work  .......  4750 

,,       ,,    at  rest.       .........  3300 

,,    female     ,,   3000 

Children  »     •  2000 

Average  mixed  community  at  rest,  say    ......  3000 

Average  mixed  community  at  rest  occupying  a  building  for  short 

periods,  such  as  a  theatre         .......  1500 

In  the  case  of  hospitals,  a  larger  amount  of  air  is  considered 
necessary,  because  the  exhalations  from  those  suffering  from 
disease  are  obviously  of  a  more  dangerous  nature.  It  is  usual 
to  allow  at  least  2  5  per  cent  more  air  per  head ;  and  in  wards 
for  highly  infectious  and  contagious  diseases  an  even  greater 
amount  is  essential. 

It  is  very  rare  in  actual  practice  that  the  full  amount  of  air 
that  is  necessary  is  supplied.  But  it  should  be  the  object  of 
every  architect  to  secure  this  amount  if  possible.  The  chief 
difficulty  lies  in  the  cost  entailed  in  moving  such  a  large  volume 
of  air.  Although  our  views  on  the  sanitary  question  are  no 
doubt  widening,  they  have  not  yet  reached  that  stage  when 
what  is  now  considered  as  desirable  will  be  regarded  as  essential. 
But  no  doubt  that  time  will  come  when  a  higher  proportion  of 
the  cost  of  a  building  will  be  devoted  to  the  warming  and 
ventilation. 

Looking  at  the  question  from  the  commercial  side,  it  is  well 
to  point  out  that  ventilation  cannot  be  regarded  as  solely  a 
sanitary  precaution,  taken  for  the  benefit  of  the  occupants  of  a 
building.  In  a  factory,  the  provision  of  an  adequate  supply  of 
fresh  air  has  a  direct  influence  upon  the  vitality  of  the  work- 
people employed.  Without  it  a  feeling  of  lassitude  is  sure  to 
be  experienced,  and  the  amount  of  work  performed  is  undoubtedly 
smaller.  This  fact  is  well  recognised  in  America,  where  well- 
lighted  and  well -ventilated  shops  add  so  materially  to  the 
prosperity  of  the  great  commercial  enterprises  of  the  country. 
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In  erecting  a  ventilating  apparatus,  one  of  the  most  difficult 
tilings  to  decide  is,  at  what  points  the  fresh  air  shall  be  introduced 
and  the  vitiated  air  be  extracted  from  the  building,  and  a  con- 
siderable difference  of  opinion  upon  this  subject  is  found  to  exist. 
For  an  ordinary  dwelling-room,  it  is  obvious  that  the  in-coming 
air  must  not  be  permitted  to  impinge  directly  upon  the  occupants. 
If  it  is  introduced  above  head-level  and  in  an  upward  direction 
it  will  not  do  so.  In  this  case  it  would  appear  advisable  that 
the  outlets  for  the  vitiated  air  be  not  placed  above  head-level. 
If  they  are,  the  fresh  in-coming  air  will  probably  travel  directly 
to  the  outlets,  without  benefiting  the  condition  of  the  atmosphere 
of  the  room.  It  is  therefore  a  question  for  consideration  whether 
the  outlets  should  not  be  placed  at  a  lower  level  than  the  inlets  ; 
and  if  they  are  near  the  ground-level,  and  immediately  underneath 
the  inlets,  it  would  seem  probable,  and  it  has  in  fact  been  found 
by  actual  experiment,  that  the  air  will  be  most  effectively  changed. 
This  is  certainly  the  best  arrangement  when  the  in-coming  air  has 
been  warmed,  as  it  always  must  be  during  cold  weather.  And 
even  in  the  summer  time,  when  the  in-coming  air  is  at  a  lower 
temperature  than  the  air  near  the  ceiling  in  the  room,  it  will 
slowly  fall  on  account  of  its  higher  specific  gravity,  and  will  so 
traverse  the  space  in  which  the  actual  breathing  is  going  on.  It 
is  generally  assumed  that  the  breath  expired  from  the  lungs  rises 
vertically  upwards  to  the  ceiling  of  the  room :  and  on  this 
assumption  the  theory  of  what  is  called  "  upward  ventilation,"  is 
based.  It  is  argued  that  as  the  expired  air  rises  above  head  level, 
if  the  outlets  are  placed  below  head  level,  it  will  be  drawn  down 
again,  and  so  be  re-inhaled. 

If  the  expired  air  does  rise  up,  as  is  assumed,  it  would  certainly 
seem  that  the  reasoning  is  good.  But  a  close  investigation  of  the 
actual  destination  of  that  expired  air  appears  to  throw  some  doubt 
upon  this  conclusion. 

Let  us  take  the  case  of  1 0  0  volumes  of  air,  each  weighing  1  lb. 

Assuming  it  to  be  fresh  air,  it  consists  of  the  following 
parts  : — 


Per  cent  of  volume. 


Oxygen  . 
Nitrogen  . 
Carbonic  Acid 


20-92 
79-04 
•04 


100-00 


By  multiplying  these  parts  by  their  specific  gravities  the  total 
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weight  of  the  air  is  found  to  be  very  nearly  accurate,  as  is  shown 
below : — 

Tr„i„„„„         Relative  Specific  •  ^j.  ■  iu 

Volumes.        q^^^.^^  ^^^.^ ^  Weight  m  lbs. 

Oxygen  .  .  .  .  20-92  x  1-10563  =  23-12977 
Nitrogen  .  .  .  .  79-04  x  -97137  =  76-77708 
Carbonic  Acid    ...       -04      x      1-52901      =  0-06116 

100-00  Total    .  99-96801 

Keferring  to  the  table  on  breathing,  the  expired  air  consists  of 
the  following  parts  : — 

Per  cent  of  volume. 

Oxygen  16-03 

Nitrogen  79-02 

Carbonic  Acid  .......   (say)  4-95 

100-00 

Again  multiplying  these  parts  by  their  specific  gravities,  we 
find  the  weight  has  increased  by  more  than  2  lbs. 

Vol-es.  Weight  in  lbs. 

Oxygen  .  .  .  ,  16-03  x  1-10563  =  17-723248 
Nitrogen  .  .  .  .  79-02  x  -97137  =  76-757657 
Carbonic  Acid  .       .       .     4-95      x      1-52901      =  7-568599 

100-00         Total  weight  102-049504 


Therefore,  without  for  the  present  taking  into  consideration 
the  aqueous  vapour  or  the  increase  in  volume,  due  to  the  increase 
in  temperature,  we  find  the  expired  air  is  slightly  heavier  than  the 
inspired  air. 

We  must  now  consider  the  increase  in  volume. 

At  an  atmospheric  pressure  of  30  inches  of  mercury,  and  at  a 
temperature  of  62°  F.,  13 '14  cubic  feet  of  dry  air  weigh  1  lb. 

By  the  law  of  Charles,  a  gas  increases  ~—  of  its  volume  for 

each  degree  F.  of  temperature  through  which  it  is  raised.  There- 
fore if  the  temperature  of  100  lbs.  or  1314  cubic  feet  of  air  be 
raised  from  62°  F.  through  a  range  of  34°  to  96°  F.  (the 
average  temperature  of  expired  air)  its  volume  will  be  increased 
1314  X  34 

 =  91  cubic  feet  nearly,  and  will  consequently  become 

1314  +  91  =  1405  cubic  feet. 

This  then  is  the  amount  of  cubic  space  our  100  volumes  of 
air  will  occupy  on  being  exhaled;  in  other  words,  this  is  the 
amount  of  air  which  it  will  displace.     Now  the  temperature  of 
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this  displaced  air  is  62°  F.,  and  its  weight  will  he  Tr^T^-j  =107 
lbs.  nearly. 

But  it  has  already  been  shown  that  the  weight  of  the  expired 
air  is  only  10 2*049  lbs. ;  therefore  so  long  as  its  temperature  is 
96°  F.  it  will  tend  to  rise. 

But  the  question  of  importance  to  consider  is  this :  Will  it 
retain  its  temperature  ?  Careful  consideration  seems  to  show 
that  it  will  not.  Imagine  for  a  moment  a  drop  of  warmed  water 
being  suddenly  discharged  into  a  tank  of  cold  water,  near  the 
bottom :  does  it  not  seem  probable  that  long  before  it  has  risen 
to  the  top  of  the  tank  the  excess  of  temperature  that  tends  to 
raise  it  will  be  imparted  to  the  surrounding  water  ? 

The  relation  of  the  2  0  cubic  inches  of  expired  air  to  the  cubic 
contents  of  an  average  room  may  be  fairly  compared  to  a  drop 
of  water  in  a  large  tank.  The  force  which  tends  to  raise  it  will 
1 

be  but  -,  hroonn  Ibs-  j        when  we  consider  in  what  a  short  space 
1  /  zoUU 

of  time  the  temperature  of  the  air  in  our  lungs  is  raised  to  nearly 
the  temperature  of  our  bodies,  it  seems  only  reasonable  to  suppose 
that  in  as  short  a  time  its  temperature  will  be  lowered  again, 
when  it  is  expired.  And  when  we  remember  that  we  breathe 
out  through  the  nostrils,  in  a  downward  direction,  in  two  attenu- 
ated streams,  which  immediately  baffle  against  the  cooler  air,  it 
leaves  little  room  for  doubt  that  there  are  good  grounds  for  the 
supposition.  But  as  soon  as  the  temperature  of  the  expired  air 
is  lowered  to  that  of  the  surrounding  air,  then  its  superior  weight, 
due  to  its  being  a  heavier  mixture,  will  come  into  play  and  it 
will  consequently  begin  to  fall. 

But  there  is  one  other  point  which  must  also  be  considered. 
In  the  preceding  calculation  aqueous  vapour  has  not  been  taken 
into  account,  although  there  is  a  considerable  quantity  in  the  air : 
the  quantity  inhaled  varies  with  the  humidity  of  the  atmosphere : 
the  quantity  exhaled  is  the  amount  which  completely  saturates 
the  expired  air.  Aqueous  vapour  is  lighter  than  air.  The 
specific  gravity  of  air  being  1,  that  of  vapour  is  "6225.  The 
presence  of  this  additional  vapour  further  increases  the  volume  of 
the  expired  air,  and  consequently  tends  to  lower  its  specific  gravity. 
But  as  it  is  only  because  the  temperature  of  the  air  is  raised 
while  in  contact  with  the  lungs  that  it  is  able  to  pick  up  this 
additional  vapour,  so  inevitably  must  the  vapour  be  given  up 
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when  the  temperature  falls.  Again,  in  the  foregoing  argument 
the  surrounding  air  has  been  assumed  as  perfectly  dry,  whereas 
the  more  usual  condition  would  be  one  of  partial  saturation, 
implying  a  slightly  lower  specific  gravity. 

If  therefore  the  above  reasoning  is  correct,  it  would  seem  that 
the  expired  breath  first  has  a  tendency  to  rise,  on  account  of  its 
higher  temperature,  but  directly  its  temperature  falls  again 
the  expired  air  has  a  tendency  to  fall.^  It  must  further  be 
remembered  that  the  impurities  of  expired  air  are  not  wholly 
gaseous,  but  include  particles  of  matter,  organic  or  inorganic, 
which  are  held  in  suspension. 

But  in  spite  of  what  is  above  stated,  it  is  always  found  that 
the  temperature  of  the  air  near  the  ceiling  is  greater  than 
that  of  the  air  near  the  floor.  This  is  chiefly  due  to  the  heating 
power  of  the  gas  used  for  lighting,  and  also  (in  some  measure)  to 
the  heat  given  off  from  the  bodies  of  the  people  in  the  room. 
The  combustion  of  coal  gas  gives  out  a  very  high  temperature ; 
so  much  so  that  it  is  greatly  used  for  cooking  purposes.  And 
the  air  surrounding  a  gas  jet  no  doubt  quickly  picks  up  the  heat 
emitted  and  rises  to  the  ceiling  level.  Again,  the  heat  radiated 
from  the  surface  of  the  human  body  has  no  initial  downward 
direction,  and  therefore  it  slowly  rises,  borne  by  the  air  to 
which  it  has  been  imparted  by  contact.  But  there  is  no  evidence 
to  show  that  the  high  temperature  of  the  air  near  the  ceiling  is 
due  to  rising  of  the  expired  breath  of  the  occupants ;  nor  does  it 
seem  an  obvious  disadvantage  to  the  condition  of  the  atmosphere 
in  a  room  that  there  is  heated  air  at  the  ceiling  level.  If  the 
fresh  air  is  introduced  just  above  head  level,  it  will  be  well 
below  the  ceiling,  and  probably,  in  most  cases,  below  the  level  of 
the  gas  jets  for  illumination ;  and  if  the  outlet  is  near  the  floor 
level,  it  would  seem  that  the  change  is  taking  place  just  at  that 
part  of  the  room  where  it  is  most  desired. 

On  the  above  reasoning  it  is  submitted  as  fairly  shown  that 
the  best  position  for  the  inlets  is  just  above  head  level ;  and  for 
the  outlets,  immediately  below  the  inlets,  near  the  floor  level, 
although  it  is  probable  that  no  universal  rule  can  be  laid  down 
for  all  classes  of  buildings. 

In  the  ventilation  of  large  halls,  workshops,  theatres,  churches, 
and  any  building  where  large  numbers  of  people  collect,  there 

^  It  would  be  bej'ond  the  scope  of  these  Notes  to  consider  to  what  extent  the 
calculations  above  outlined  would  be  affected  by  the  laws  of  the  diffusion  of  gases. 
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are  different  points  which  must  be  considered.  Where  there  is 
a  gallery  near  the  roof  provision  must  be  made  for  carrying  away 
the  heated  air  which  accumulates  there. 

In  workshops  it  is  sometimes  necessary  to  carry  away  objection- 
able foreign  matter  in  the  air,  at  the  point  where  it  is  generated. 
Provision  should  also  be  made  for  extracting  above  large  clusters 
of  gas  jets,  which  are  capable  of  so  much  air  vitiation.  Again, 
in  restaurants  and  large  public  dining-rooms  it  is  always  necessary 
to  provide  some  means  of  carrying  away  smoke,  which  is 
generated  in  such  large  quantities  from  burning  tobacco.  In 
fact  every  building  must  be  regarded  in  relation  to  the  uses  to 
which  it  is  to  be  put,  and  every  case  will  demand  the  most 
careful  consideration. 

The  rules  for  proportioning  the  sizes  of  air  ducts  and  flues  are 
very  complicated,  and  space  does  not  admit  of  a  full  discussion 
of  them  here.  The  sizes  vary,  moreover,  with  the  different 
systems  of  ventilation.  There  is  one  point  that  may  be 
mentioned :  when  the  amount  of  air  required  for  any  given  room 
has  been  ascertained,  the  size  of  the  air  inlet  should  be  such  that 
the  velocity  of  the  entering  air  does  not  exceed  3  feet  per  second. 
Thus  if  10,800  cubic  feet  are  required  per  hour,  the  amount  of  air 
entering  per  second  will  be  3  cubic  feet.  In  this  case  the  sum 
of  the  areas  of  the  inlets  would  require  to  be  1  square  foot,  so  if 
two  were  provided,  each  should  have  an  area  of  half  a  square  foot ; 
and  if  three,  each  should  equal  one-third  of  a  square  foot  in  area. 
The  ducts  which  lead  to  the  inlets  may  be  of  smaller  sectional 
area,  and  the  velocity  of  flow  in  the  ducts  will  therefore  be 
greater  than  at  the  inlet.  The  sum  of  the  areas  of  the  branch 
ducts  should  equal  the  area  of  the  main  duct.  As  a  general 
rule  the  same  sizes  would  be  suitable  for  the  outlet  flues. 

The  amount  of  radiating  surface  required  to  maintain  a  given 
temperature  inside  a  room  is  the  first  difficulty  which  presents 
itself  in  designing  a  heating  apparatus. 

The  radiating  surface  must  be  sufficient  to  give  out  as  many 
heat  units  per  hour  as  are  lost  from  the  room. 

Heat  is  lost  by  transmission  through  the  walls,  windows,  floor, 
and  ceiling.  It  is  also  carried  away  by  the  air  used  for  ventilation. 

On  the  other  hand,  heat  is  given  out  by  the  lights  and  the 
people  who  occupy  the  room.  It  is  not  usual  to  take  any  account 
of  this  in  an  apparatus  for  an  ordinary  dwelling.  But  in  the 
case  of  any  large  assembly-hall,  church,  or  theatre,  the  heat 
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evolved  is  very  considerable,  and  should  certainly  be  taken  into 
account.  Taking  the  heat  evolved  by  the  lights  first,  the  amount 
depends  upon  the  number  and  kind  of  light ;  in  the  case  of 
electric  light  it  is  very  small,  and  may  be  ignored,  but  with  gas 
light  it  is  not  so.  According  to  the  quality  of  the  illuminating 
gas  the  number  of  heat  units  given  out  in  the  combustion  of  1 
cubic  foot  varies  from  650  to  700.  Ordinary  gas  burners  are 
numbered  according  to  the  number  of  cubic  feet  of  gas  they 
consume  per  hour.  A  No.  5  burner  consumes  5  cubic  feet  per 
hour ;  a  No.  6  burner  6  cubic  feet.  As  a  matter  of  fact  they 
probably  consume  a  great  deal  more.  But  accepting  the  amounts 
as  correct,  a  No.  5  burner  gives  out  when  alight  say  700  x  5  = 
3500  heat  units  per  hour ;  and  a  hall  lighted  by  50  such  burners 
receives  from  the  combustion  of  the  gas  3500  x  50  =  175,000 
heat  units  per  hour. 

The  heat  given  out  by  human  beings  varies  with  the  age,  and 
whether  they  are  actively  employed  or  at  rest.  In  the  case 
under  consideration — namely,  a  hall  or  assembly-room — the 
occupants  will  in  most  cases  be  adults  at  rest ;  and  the  heat 
given  off  per  hour  by  one  adult  at  rest  varies  between  350  and 
400  units.  Taking  the  smaller  amount,  a  congregation  of  250 
such  people  will  evolve  350x250  =  8  7,5  00  heat  units  per  hour. 
So  the  total  amount  of  heat  evolved  by  250  people  in  a  hall 
illuminated  with  50  No.  5  gas  burners  will  be  262,500  units, 
and  this  amount  must  be  subtracted  from  the  amount  required 
to  make  up  for  the  losses  due  to  transmission  through  walls, 
windows,  floor,  and  ceiling,  and  also  that  carried  away  by  the  air 
supplied  for  ventilation. 

The  heat  carried  away  by  air  supplied  for  ventilation  can  be 
easily  ascertained.  The  amount  of  fresh  air  delivered  ♦into  a 
room  is  equal  to  the  amount  which  is  discharged  from  the  room. 
The  radiating  surface  of  the  heating  apparatus  has  to  raise  the 
incoming  air  from  the  temperature  of  the  external  atmosphere  to 
that  of  the  room. 

Now,  taking  the  hall  previously  mentioned,  in  which  250 
people  are  assembled  for  a  limited  period,  the  total  amount  of 
air  required  will  be  250x  1500  =  375, 000  cubic  feet  per  hour. 
Now  assuming  the  outside  temperature  to  be  30°  and  the  internal 
temperature  60°,  the  heat  lost  per  hour  will  equal  the  amount 
required  to  raise  the  temperature  of  375,000  cubic  feet  through 
a  range  of  30°  F.    In  order  to  find  out  what  this  is  we  must  know 
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what  the  specific  heat  of  air  is.  The  specific  heat  of  a  body  is 
the  amount  of  heat  required  to  raise  1  lb.  of  it  through  1°  T. 
But  with  a  gas  there  is  a  difference  which  must  be  noted.  When 
the  temperature  of  any  gas  is  raised,  if  that  gas  is  in  an  unconfined 
space  its  volume  increases,  and  its  pressure  remains  the  same  as 
it  was  before.  All  that  happens  is,  as  the  temperature  rises, 
some  of  the  gas  is  forced  out  of  the  unconfined  space.  In  other 
words,  its  volume  increases,  and  its  pressure  remains  constant. 
But  if  that  gas  were  in  a  confined  space,  it  is  obvious  that  on 
raising  its  temperature,  the  volume,  owing  to  its  confinement, 
cannot  increase.  Therefore  the  pressure  is  increased.  In  other 
words,  the  volume  remains  constant,  but  the  pressure  is  increased. 

Now  it  happens  that  the  amount  of  heat  required  to  raise  the 
temperature  of  the  gas  1°  when  the  volume  is  constant,  and  the 
pressure  increases,  is  not  the  same  as  the  amount  necessary  to 
raise  its  temperature  1°  when  the  volume  increases,  and  the 
pressure  is  constant.  Therefore  we  say  that  a  gas  has  two  specific 
heats:  one  when  the  volume  is  constant,  and  one  when  the 
pressure  is  constant. 

The  two  specific  heats  of  air  are  : — 

When  the  pressure  is  constant  .....  '2379 
When  the  volume  is  constant       .....  '1686 

The  specific  heat  with  which  we  are  concerned  is  that 
with  constant  pressure,  viz.  -2379  :  and  this  means  that  it  takes 
•2379  units  of  heat  to  raise  the  temperature  of  1  lb.  of  air 
through  1°  F. 

The  next  point  to  find  out  is  the  number  of  pounds  our  375,000 
cubic  feet  of  air  will  weigh.  According  to  Eegnault,  1  cubic 
foot  of  air  at  a  temperature  of  60°  F.  weighs  '0764  lbs. 
Therefore  if  we  multiply  the  number  of  cubic  feet  of  air  by  this, 
it  will  give  the  total  weight  of  the  air  in  pounds.  And  if  we 
multiply  the  number  of  pounds  of  air  by  the  specific  heat,  it  will 
give  the  number  of  units  of  heat  required  to  raise  the  air  through 
1°  F.  But  in  the  above  example  the  air  had  to  be  raised  through 
30°  F.  Therefore  we  must  multiply  the  result  by  30  and  that 
will  give  the  total  number  of  heat  units  required  to  raise  375,000 
cubic  feet  of  air  through  30°  F. 

Our  example  is  as  follows  ;  — 

Cubic  feet. 

375,000  X  -0764   =28,650  lbs.  of  air. 

To  raise  28,650  lbs.  of  air  1°  F. 
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Pounds  Specific 
of  air.  heat. 

28,650  X -2379   =6815-835  units.' 

To  raise  28,650  lbs.  of  air  through  30°  E. 

Units. 

6815-835x30   =  say  204, 475  units. 

This  amount  will  be  the  number  of  units  of  heat  carried  off 
each  hour  by  the  air  supplied  for  ventilation. 

The  heat  lost  through  the  walls  of  a  building  can  only  be 
found  out  by  very  careful  and  searching  inquiry.  It  varies  with 
the  material  of  which  the  walls  are  composed ;  the  thickness ; 
the  height ;  to  a  certain  extent  it  also  depends  upon  the  condition 
of  the  surface  and  upon  the  position  and  prevailing  winds. 

Great  care  has  been  devoted  to  this  part  of  the  subject  in 
Germany.  There  it  is  the  custom  to  treat  each  wall  separately ; 
also  to  take  account  of  the  heat  lost  through  floors  and  ceilings. 
In  America  only  the  external  walls  are  taken  into  account,  and 
a  margin  is  added  to  cover  the  other  losses. 

Professor  Carpenter  of  Cornell  University  has  kindly  allowed 
the  following  tables  to  be  printed  in  this  article.  They  are  taken 
from  his  book,  Heating  and  Ventilating  Buildings,  published  by 
Messrs.  Wiley  &  Sons  of  New  York,  and  Messrs.  Chapman  & 
Hall,  Limited,  of  London. 

TABLE  I. — Amount  of  Heat,  in  British  Thermal  Units,  passing 
THROUGH  Walls,  per  Square  Foot  op  Area,  per  Degree  Differ- 
ence OF  Temperature,  per  Hour. 


Thiclvuess. 

Single 

Wall. 

Wall  with  Air-Space.2 

Brick  or  Stone. 

Wood.l 

Blick  or  Stone. 

Indies. 

4 

0-43 

0-12 

0-36 

8 

0-37 

0-065 

0-30 

12 

0-32 

0-045 

0-25 

16 

0-28 

0-033 

0-21 

18 

0-26 

0-031 

0-19 

20 

0-25 

0-03 

0-18 

24 

0-24 

0-029 

0-17 

28 

0-22 

0-027 

0-15 

32 

0-21 

0-025 

0-13 

36 

0-20 

0-020 

0-12 

40 

0-18 

0-018 

0-10 

This  experiment  applies  to  solid  wood  ;  it  is  evidently  of  little  use  when 
applied  to  wooden  buildings,  since  these  buildings  generally  present  so  many 
opportunities  for  loss  of  heat  through  crevices. 

2  The  thickness  given,  in  the  above  table,  of  M'alls  with  air-space,  includes  the 
thickness  of  the  two  separate  parts  of  the  wall,  plus  the  thickness  of  the  air-space. 
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The  following  table,  which  is  also  from  Professor  Carpenter's 
book,  is  translated  from  one  prepared  by  the  German  Govern- 
ment : — 


TABLE  II. — For  each  Square  Foot  of  Brick  Wall. 


Thickness  of  Wall  = 

4" 

8" 

12" 

16" 

20" 

24" 

28" 

32" 

36" 

40" 

Loss  of  heat  per 
square  foot  per 
hour  per  degree 
difference  of  tem- 
perature 

0-68 

0-46 

0-32 

0-26 

0-23 

0-20 

0-174 

0-15 

0-129 

0-115 

The  following  table  gives  the  loss  of  heat  for  sandstone  and 
limestone  walls  of  various  thickness  : — 


TABLE  III. — Loss  of  Heat  through  Stone  Walls. 


Total 
Thickness. 

Sandstone. 

Limestone. 

Total 
Thickness. 

Sandstone. 

Limestone. 

Inches. 

Inches. 

12 

0-45 

0-49 

32 

0-26 

0-28 

16 

0-39 

0-43 

36 

0-24 

0-26 

20 

0-35 

0-38 

40 

0-22 

0-24 

24 

0-31 

0-35 

44 

0-21 

0-23 

28 

0-28 

0  31 

48 

0-19 

0-21 

The  losses  through  windows,  etc.,  can  be  computed  from  the 
following  table : — 

Amount  of  Heat,  in  British  Thermal  Units,  lost  per  Square  Foot, 
PER  Hour,  per  Degree  Difference  of  Temperature. 

'b.t.u.  b.t.u. 
Single  window      .       .1-03  Double  skylight      .       .  0-496 

Double     ,,  .       .    0-472  Doors      ....  0-410 

Single  skylight     .  .1-09 

Having  obtained  the  total  amount  of  heat  lost  per  hour,  it  is 
now  necessary  to  find  out  how  much  radiating  surface  will  be 
required  to  give  out  those  units. 

The  number  of  units  given  out  per  square  foot  of  radiating 
surface  depends  upon  the  temperature  of  the  heating  fluid  and 
the  temperature  of  the  air  surrounding  the  radiating  surface. 
It  also  depends  upon  the  material  of  which  the  radiating  surface 
is  made,  and  to  some  extent  upon  its  form. 

Heat  is  given  off  by  radiation  and  convection :  the  greater 
amount  by  convection. 
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The  above  table  is  also  taken  from  Professor  Carpenter's 
book.  It  gives  the  number  of  heat  units  emitted  from  various 
surfaces,  with  direct  radiation  :  i.e,.  when  the  radiating  surface 
is  inside  the  room  it  is  to  warm. 

The  above  table  does  not  apply  where  the  radiating  surface 
is  indirect.  If  there  is  no  mechanical  means  provided  to  drive 
the  air  rapidly  past  the  radiating  surface,  the  surface  becomes 
surrounded  by  highly  heated  air,  which  reduces  the  number  of 
heat  units  given  out  per  hour.  It  is  therefore  usual  to  provide 
from  25  to  50  per  cent  more  radiating  surface  for  indirect 
heating  without  mechanical  aid. 

With  mechanical  ventilation,  indirect  heating  surface  is  more 
efficient.  Generally,  the  more  rapidly  the  air  passes  over  the 
surface,  the  greater  the  number  of  heat  units  emitted.  But  in 
any  case  a  definite  amount  of  indirect  radiating  surface  cannot 
give  such  a  good  result  as  the  same  amount  of  direct  radiating 
surface,  because  a  large  proportion  of  the  radiated  heat  is 
dissipated  in  the  masonry  surrounding  the  air  duct.  It  there- 
fore does  not  assist  in  the  work  of  warming  the  room. 

Space  does  not  permit  of  a  close  inquiry  into  the  laws 
relating  to  the  emission  of  heat  from  radiating  surfaces.  There 
are  many  conditions  which  influence  the  amount.  The  same 
superficial  area  of  surface  in  the  form  of  a  horizontal  pipe  will 
give  a  much  better  result  than  in  the  form  of  a  pipe  coil,  where 
the  piping  is  massed  together  in  close  proximity.  The  massing 
of  the  pipes  has  the  effect  of  keeping  some  of  them  continually 
surrounded  with  air  at  high  temperature,  thus  limiting  the 
amount  of  heat  given  out.  Again,  a  low,  long  radiator  will  give 
out  a  greater  number  of  units  than  a  high,  short  radiator  of 
equal  superficial  area.  The  reason  in  this  case  is  that  the  air, 
which  has  been  heated  at  the  bottom  of  the  high  radiator,  rises 
in  contact  with  its  surface.  The  top  portion  is  therefore  con- 
tinually surrounded  by  air  of  higher  temperature  than  the  lower 
portion,  and,  as  before  explained,  gives  out  fewer  heat  units. 

The  losses  in  efficiency  described  above  refer  to  the  heat 
given  out  by  convection.  There  are  also  corresponding  losses 
from  radiant  heat.  Eadiant  heat  is  always  given  out  at  right 
angles  to  the  surface.  Therefore  when  two  or  more  pipes  are 
grouped  together,  a  part  of  the  radiant  heat  of  each  falls  upon 
the  surfaces  of  the  other  pipes  and  is  consequently  lost. 

It  must  not  be  assumed  that  pipe  coils  and  radiators  are 
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undesirable  forms  of  radiating  surface.  On  account  of  the 
economy  of  space,  and  superiority  of  appearance,  they  are 
generally  admitted  to  be  the  best  forms  in  spite  of  the  losses 
due  to  their  use. 

Before  leaving  this  part  of  the  subject,  the  following  table, 
for  which  thanks  are  also  due  to  Professor  Carpenter  and  the 
publishers  of  his  book,  will  be  found  very  useful. 

It  is  frequently  necessary  to  decide  if  a  heating  apparatus 
will  do  the  work  required,  when  the  external  temperature  is  not 
at  the  point  mentioned  in  the  specification.  If  an  internal 
temperature  of  70^  F.  has  been  guaranteed  when  the  external 
temperature  is  0°,  a  reference  to  the  table  will  show  what 
temperature  will  be  obtained  at  various  other  external  tempera- 
tures if  the  apparatus  has  been  correctly  designed. 

Although  this  table  was  calculated  for  steam,  with  radiator  at 
220°  F.,  it  is  practically  correct  for  hot-water  radiation,  or  steam 
at  any  other  pressure. 


TABLE  V. 


Temperature  Out- 
side Air. 

Coeffioient  Heat 
per  Square  Foot 
per  Hour  per 
Degree. 

Total  Heat  per 
Square  Foot  per 
Hour. 

Resulting 
Temperature  of 
Room. 

Difference  Tem- 
perature Radiator 
and  Room. 

•10 

1-85 

288 

64-7 

155-3 

0 

1-8 

270 

70 

150 

10 

1-75 

253 

75-1 

144-9 

20 

1-7 

236 

81 

139 

30 

1-65 

218 

86-5 

133-5 

40 

1-6 

203 

93-1 

126-9 

50 

1-55 

188 

98-7 

129-3 

60 

1-5 

172 

104-7 

115-3 

70 

1-45 

158 

110-5 

109-5 

80 

1-4 

142 

117-1 

102-9 

90 

1-35 

130-5 

123-5 

96-5 

100 

1-3 

117 

130-3 

89-7 

To  determine  by  a  test  of  the  apparatus,  when  the  weather  is 
at  50°,  whether  a  guarantee  to  heat  to  70°  in  zero  weather  is 
maintained,  operate  the  apparatus  as  though  in  regular  use,  and 
note  the  average  temperature  of  the  room.  If  the  room  has  a 
temperature  equal  to  or  in  excess  of  98-7°,  it  would  have  a 
temperature  of  70°  in  zero  weather,  all  other  conditions,  such  as 
wind,  position  of  windows,  etc.,  being  the  same  as  on  the  day  of 
the  test. 

The  American  Eadiator  Co.  have  kindly  consented  to  allow 
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the  following  tables  to  be  used.  They  are  very  useful  for  deter- 
mining the  correct  sizes  for  mains  and  branches  for  direct  and 
indirect  radiators. 


TABLE  VI. — Hot-Water  Heating  :  Direct  Eadiators. 


Size  of  Radiator. 
0  to  15  square  feet 
15  to  50 
50  to  100 
100  square  feet  and  over 

0  to   20  square  feet 
20  to  70  „ 
70  to  125 

125  square  feet  and  over 


Size  of  Brancli  Mains. 
|-inch  Branch  ^ 

1 

14 


1 

li 
14 


Ground  Floor. 


1st  and  2nd 
Floor. 


TABLE  VIL — Hot-Water  Heating  :  Indirect  Radiators. 

Size  of  Radiator.  Size  of  Branch  Mains. 

0  to   30  square  feet    ....    1-inch  Branch. 
30  to   60       ,,  .  .  .  .    \\  „ 

60  to  120        ,,  ,  .  .  .  11 

120  square  feet  and  over  .  .  .2  ,, 


TABLE  VIII. — For  approximately  proportioning  Flow  and  Eeturn 
Mains  to  the  Surface  in  Radiators. 


Mains. 

Branches  and  Risers. 

Size  of  Pipe. 
Nominal  diameter 
inches. 

:iuare  feet  of  Sur- 
face in  Indirect 
Radiators  in 
Basement. 

juare  feet  of  Sur- 
;e  in  Direct  Radia- 
rs  on  one  or  more 
loors.  Average. 

Square  feet  of  Sur- 
face in  Radiators  on 
first  floor. 

juare  feet  of  Sur- 
;e  in  Radiators  on 
second  floor. 

Square  feet  of  Sur- 
face in  Radiators  on 
third  floor. 

Square  feet  of  Sur- 
face in  Radiators  on 
fourth  floor. 

i 

0 

0 

0 

40 

45 

50 

1 

0 

0 

50 

75 

80 

85 

100 

135 

110 

120 

135 

150 

14 

135 

220 

180 

195 

210 

230 

2 

225 

350 

290 

320 

350 

370 

24 

320 

460 

400 

490 

525 

550 

3 

500 

675 

620 

650 

690 

730 

34 

650 

850 

820 

870 

920 

970 

4 

850 

1,100 

1050 

1120 

1185 

1250 

44 

1,050 

1,350 

1325 

1400 

1485 

1560 

5 

1,350 

1,700 

6 

2,900 

3,600 

7 

8 

3,900 
5,000 

4,800 
6,200 

9 

6,300 

7,700 

10 

7,900 

9,800 

11 

9,500 

11,800 

12 

11,400 

14,000 

B.C.  II  S 
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TABLE  IX. — List  of  Sizes  of  Steam  Mains. 


Up 

60 
120 
200 
360 
600 
850 
1200 
1600 
2000 
2500 
4000 
5000 
6500 


Radiation. 
60  square  feet 
120 
200 
360 
600 
850 


One-pipe  Work.      Two-pipe  Work. 


to 
to 
to 
to 
to 
to 
to  1200 
to  1600 
to  2000 
to  2500 
to  4000 
to  5000 
to  6500 
to  8000 


IJ  inches. 

H 

2 

2i 
3 

3i 
4 

4i 
5 
6 
7 
8 
9 

10 


1  X  1  inches. 
IJxl 
l^xli 

2  xli 
2|x2 

3  x2i 
3^x3 

4  x3i 
4^x4 

5  x4i 

6  x5 

7  x6 

8  x6 

9  x6 


Heating  boilers  are  made  in  a  great  variety  of  patterns  in  both 
wrought  and  cast  iron. 

They  may  be  roughly  divided 
independent. 


into  two  classes :  brick  set  and 


Fig.  310.    Brick-set  Boiler. 

The  former  are  usually  of  wrought  iron;  one  is  shown  in 
Fig.  310. 
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Perhaps  the  cast-iron  boiler  of  independent  type  is  the  most 
generally  suitable  for  hot-water  and  low-pressure  steam  heating. 
They  are  made  in  sections  and  have  a  large  heating  surface. 
When  covered  with  a  good  non-conducting  composition  they  are 
very  economical. 

The  amount  of  radiating  surface  which  they  are  capable  of 
heating  is  generally  correctly  stated  in  the  catalogues  of  the 
good  makers. 

Eadiators  are  now  used  very  generally  as  radiat- 
ing surface  in  place  of  runs  of  piping. 

The  illustration  (Fig.  311)  shows  what  is  called 
a  two-column  radiator.  In  a  radiator  of  this  type,' 
each  section  of  which  it  is  composed  is  divided  into 
two  separate  columns,  which  are  united  at  the  top 
and  bottom.  Tig.  312  shows  the  elevation  and 
section  of  a  loop.  Similarly,  in  single -column, 
three-column,  and  four-column  radiators,  each  section 

is  divided  into  one,  three, 
and  four  separate  columns, 
which  are  united  into  one 
at  the  top  and  bottom. 

The  sections  are  fixed 
vertically,  and  are  joined  to- 
gether either  with  screwed 
nipples,  or  turned  taper 
nipples.  In  the  latter  case 
the  sections  are  secured 
with  a  horizontal  bolt. 

The  particular  advan- 
tage of  all  radiators  is  the 
small  cubic  space  occupied 
by  a  large  amount  of  radi- 
ating surface.  In  passing 
through  them,  the  stream  of  heated  water  or  steam  is  divided  up 
into  streams  of  small  sectional  area,  from  which  the  heat  is  given 
off  very  rapidly.  The  amount  of  heating  fluid  required  is  con- 
sequently much  smaller  than  in  an  installation  composed  entirely 
of  pipes,  with  the  result  that  a  smaller  amount  of  the  heat  given 
off  by  the  burning  fuel  is  used  up  in  performing  the  mechanical 
work  of  moving  the  heating  fluid,  and  a  larger  proportion  of  that 
heat  is  therefore  available  for  the  work  of  warming  the  building. 


Fig.  311. 
Two-column  Radiator. 


Elevation. 

Section. 
Fig.  312. 
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Different  patterns  of  radiators  vary  very  much  in  efficiency. 
This  is  due  to  the  clustering  of  a  large  number  of  surfaces  in 
close  proximity  to  each  other.  The  effect  of  this,  as  has  been 
previously  described,  is  to  reduce  the  number  of  heat  units 
given  off. 

The  design  of  radiators  is  therefore  a  matter  of  considerable 
importance ;  they  should  be  of  such  a  form  that  as  large  an 
amount  of  the  radiant  heat,  which  is  always  emitted  at  right 
angles  to  the  surface,  esTjapes  freely  into  the  room,  without  falling 
upon  other  parts  of  the  radiator. 

Thus  if  a  radiator  is  built  up  of  two  rows  of  vertical  rectangular 
columns,  in  which  the  four  sides  of  the  rectangles  are  equal,  only 
one-fourth  of  the  radiant  heat  will  fall  clear  of  the  surrounding 
surfaces.  Such  a  radiator  would  therefore  be  very  inefficient.  In 
the  section  shown  in  the  illustration,  Fig.  312,  it  will  be  seen 
that  a  much  larger  proportion  of  the  surface  is  effective,  especially 
if  the  loops  are  connected  together  with  a  clear  space  between 
each. 

For  the  same  reason,  a  single-column  radiator  is  more  efficient 
than  a  four-column  radiator.  It  is  sometimes  necessary  to  use 
one  of  the  latter  form.  For  where  a  large  amount  of  surface  is 
required,  it  may  be  convenient  to  make  a  sacrifice  of  the  efficiency, 
in  order  to  keep  the  dimensions  of  the  radiator  within  reasonable 
limits. 

But  it  is  a  good  general  rule  that  it  is  economical  to  use 
radiating  surface  of  as  simple  a  form  as  possible. 

There  is  another  type  of  radiator  known  as  the  Flue  pattern. 
This  is  intended  for  use  when  the  radiators  are  a  part  of  the 


ventilating  scheme.  In  this  type  a  large  amount  of  the  radiating 
surface  is  boxed  in;  but  this  closed -in  surface  is  rendered 
effective  by  the  rapid  passage  of  air  through  the  flues  of  the 


Good  Fitting. 


Good  Fitting. 
Fig.  313. 


Bad  Fitting. 
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radiator,  carrying  into  the  building  by  convection  heat  that 
■would  be  lost  in  the  form  of  radiant  heat. 

This  type,  when  used  for  the  purpose  which  it  is  intended  to 


Pipes.  Elevation.  Section. 

Fig.  314.    Diminishing  Pieces.  Fig.  315.    Fnll-way  Valve. 

fulfil,  is  very  efficient,  and  may  be  regarded  in  this  respect  as 
equally  if  not  more  effective  than  single-column  radiators. 

Pipes  and  fittings  are  made  in  both  cast  and  wrought  iron. 
Care  should  be  taken  to  get  only  those  of  the  best  quality. 
Inferior  pipes  and  fittings  are  a  source  of  continual  annoyance. 


Fig.  316.    Cast-iron  Pipe- Joints. 


Fittings  should  be  selected  which  offer  the  least  resistance  to 
.  the  flow  of  the  water  through  them  (Fig.  313);  where  the  size 
of  a  pipe  is  diminished,  select  such  fittings  that  do  not  form  a 
space  in  which  air  can  lodge  (Fig.  3  1 4), 

All  valves  should  be  full  way  (Fig,  3:5). 

Some  cast-iron  pipe-joints  are  shown  in  Fig.  3  1 6. 


Chapter  XII. 


ELECTRIC  AND  GAS  LIGHTING. 

THE  PEINCIPLES  OF  DOMESTIC  ILLUMINATION. 

IN  the  design  of  any  scheme  of  artificial  lighting,  there  must 
always  be  an  adequate  amount  of  light,  appropriate  in 
quality,  and  applied  so  that  it  may  not  react  prejudicially  upon 
the  eye. 

Unit  of  Light. — The  legal  standard  of  light  is  the  amount 
given  by  a  spermaceti  candle,  weighing  one -sixth  of  a  pound, 
and  burning  120  grains  of  wax  per  hour. 

Unit  of  Illumination. — By  considering  the  direct  illumina- 
tion given  by  a  standard  candle  in  connection  with  the  distance 
of  the  candle  from  the  object  illuminated,  a  standard  of  illumina- 
tion is  obtained.  Thus  the  candle-foot  forms  a  definite  unit,  and 
for  any  light  the  illumination  at  the  distance  of  one  foot  is 
expressed  in  candle-feet  numerically  equal  to  the  candle-power 
of  the  light.  At  distances  greater  than  one  foot  the  intensity 
of  light  from  a  given  source  varies  inversely  as  the  square  of  the 
distance  from  the  source.  This  law  is  only  exact  in  the  rare 
case  of  radiation  from  a  minute  point  into  space  in  which  there 
is  neither  refraction  nor  reflection,  and  in  practice  it  is  only 
useful  for  general  guidance. 

A  room  with  dead  black  walls,  lighted  by  a  single  candle, 
affords  an  example  in  which  the  illumination  could  be  determined 
with  approximate  accuracy,  by  the  law  of  inverse  squares.  But 
a  room  with  white  walls,  lighted  by  a  well -shaded  light  of 
appreciable  area,  furnishes  an  instance  in  which  the  law,  with- 
out qualification,  would  give  very  incorrect  results. 

Intrinsic  Brilliancy. — The  strength  of  light  per  unit  area 
of  light -giving  surface  is  termed  intrinsic  hrilliancy,  and  the 
unit  measurement  is  one  candle-power  per  square  inch.  Although 
the  intrinsic  brilliancy  of  any  light  may  be  mathematically 
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determined  by  dividing  its  candle-power  by  its  area  of  luminous 
surface,  the  correctness  of  the  result  so  obtained  is  affected  by 
variation  of  the  brilliancy  in  the  different  parts  of  the  light- 
giving  surface.  Table  X.  gives  approximately  the  average 
intrinsic  brilliancies  of  various  sources  of  light,  and  will  be 
useful  for  purposes  of  comparison.  It  should  be  noted  that, 
within  fairly  wide  limits,  the  efficiency  of  artificial  lighting  is 
by  no  means  proportionate  to  intrinsic  brilliancy. 

TABLE  X. — Approximate  Intrinsic  Brilliancy  of  Various  Lights. 


Source.  c.-p.  per  sq.  in. 

Sun  in  zenith   600,000 

Sun  on  horizon .       .......  2,000 

Open  arc  light  (unshaded)   10,000  -100,000 

Nernst  "glower"  (unshaded)   1,000 

Incandescent  electric  lamp       .....  200    -  300 

Enclosed  arc  lamp  (opal  inner  globe)        ...  75    -  100 

Acetylene  flame       .......  75    - 100 

Incandescent  gas  lamp     ......  20-25 

Gas  flame .........  3-8 

Incandescent  electric  lamp  (frosted) ....  2-5 

Opal  shaded  lamps  (various)    .       .       .       .       .  0"5-2 


Undesirable  Conditions  in  Lighting. — As  intensely  brilliant 
lights  are  distinctly  injurious  to  the  eyesight,  the  high  brilliancy 
of  the  incandescent  electric  light  renders  efficient  shading  par- 
ticularly desirable.  A  flickering  causes  serious  strain  to  the 
eye,  and  a  similar  effect  follows  the  use  of  alternating  current 
in  incandescent  lamps  if  the  frequency  falls  below  30  cycles 
per  second. 

Strong  contrasts  of  brilliant  illumination  and  deep  shadow 
are  objectionable,  and  the  endeavour  should  be  made  to  repro- 
duce, as  far  as  possible,  the  general  diffusion  of  light  evidenced 
in  nature. 

Amount  of  Illumination  Eequired. — -The  minimum  strength 
of  illumination  required  for  different  purposes  may  be  thus 
stated : — 

Reading  and  writing  1  candle-foot 

Drawing  and  work  on  coloured  materials  ....  5  candle-feet 
Engraving  and  fine  mechanical  work        ...       .       .10  candle- feet 

Diffusion. — The  amount  of  light  diffusely  reflected  from  the 
walls  of  any  room  forms  a  very  considerable  proportion  of  the 
whole,  and  coloured  walls  modify  the  colour  of  the  illumination 
as  certainly,  although  not  so  strongly,  as  a  coloured  shade  around 
the  source  of  light.  Hence,  when  settling  the  colour  tone  of 
any  room  to  be  illuminated,  the  designer  must  bear  in  mind 
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that  if  the  walls  are  to  be  highly  tinted,  the  preponderating 
tone  of  the  light  will  be  materially  affected. 

As  a  general  rule,  material  assistance  is  afforded  to  the 
lighting  of  a  room  by  reflection,  but  the  amount  of  such  assist- 
ance depends  upon  the  coefficient  of  diffuse  reflection  (k)  of  the 
wall  surfaces.  Table  XI.  gives  values  of  the  coefficient  for  various 
papers  and  materials. 

TABLE  XI. — Values  of  the  Coefficient  op  Diffuse  Reflection. 


(Direct  light  of  illuniinant  =  1  "00. ) 


Material. 
White  paper  . 
MHiite  deal  (clean)  . 
Yellow  paper  . 
Yellow  painted  wall  (clean) 
Light  innk  paper 
White  deal  (dirty)  . 
Yellow  painted  wall  (dirty) 
Emerald  green  paper 
Dark  brown  paper 
Vermilion  paper 
Blue-green  paper 
Cobalt  blue  paper 
Chocolate  paper 
Black  cloth 
Black  velvet  . 


Value  of  Coefflcient  (it). 


■80 

•45 

•40 

•40 

■36 

•20 

•20 

■18 

■13 

■12 

•12 

•12 

•04 

•012 

■004 


Smooth  wall-papers  and  paints  reflect  a  considerable  proportion 
of  white  light,  irrespective  of  their  colour. 

In  every  room  there  is  considerable  secondary  reflection, 
having  approximately  the  same  coefficient  as  the  first  reflection. 
Hence  for  two  reflections  the  intensity  of  the  resulting  beam 
is  that  of  the  original  beam  multiplied  by  the  square  of  the 
coefficient  of  diffusion.  For  each  succeeding  reflection  the  next 
higher  power  of  the  coefficient  is  used. 

Shades  and  Reflectors. — Considered  separately,  shades  are 
intended  to  modify  the  excessive  brilliancy  of  light  reaching  the 
eye,  and  reflectors  to  modify  its  distribution,  but  the  two  functions 
are  frequently  exercised  by  one  fitting. 

The  essential  characteristic  of  a  shade  is  ability  to  soften 
and  diffuse  the  light  covered.  Cut-glass  shades,  and  others  with 
bands  or  spirals  causing  a  streaky  effect,  ought  to  be  avoided. 
Efficiency  is  the  first  essential,  and  must  not  be  interfered  with 
by  decorative  attempts. 

The  average  proportion  of  light  absorbed  by  different  shades 
and  globes  varies  from  10  per  cent  for  clear  glass  to  as  much  as 
60  per  cent  for  opalescent  glasses  according  to  their  density. 
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As  many  forms  of  light  used  are  of  excessive  intrinsic 
brilliancy,  too  much  importance  should  not  be  attached  to  the 
absorption  effected  by  shades  and  globes. 

The  common  type  of  reflecting  shade,  in  the  form  of  a  tin 
cone  enamelled  white  inside,  is  by  no  means  satisfactory.  As 
shown  by  the  curve  of  light  distribution  in  Fig.  3  1 7,  it  throws  a 
strong  beam  of  light  downwards,  but  concentrates  it  too  much 
at  one  point  for  general  utility. 


Fig.  317.  Fig.  318.  Fig.  319. 


A  much  better  shade  is  one  in  the  form  of  a  fluted  porcelain 
cone,  and,  as  will  be  seen  from  Fig.  318,  the  downward  reflection 
of  light  is  better  distributed,  and  in  addition  some  light  is  usefully 
distributed  in  other  directions.  Fig.  319  shows  the  distribution 
caused  by  a  holophane  globe  with  electric  light.  Numerous 
forms  of  shades  and  reflectors  are  available  both  for  electric  and 
for  gas  lighting,  and  in  their  selection  the  greatest  attention 
should  be  paid  to  the  suitability  of  the  effect  likely  to  be  pro- 
duced for  any  particular  purpose. 

The  Illumination  of  Kooms. — In  the  rooms  of  a  dwelling- 
house  the  eyes  are  not  usually  fixed  in  one  particular  direction, 
as  happens  in  offices  or  workrooms,  and  it  is  consequently  very 
desirable  to  avoid  intense  and  unshaded  lights  of  any  kind. 

A  good  rule  for  guidance  in  the  disposition  of  lights  is  to 
provide  a  moderate  groundwork  of  general  illumination,  and  to 
concentrate  additional  light  only  at  such  points  where  it  may  be 
required.  In  the  application  of  this  rule  it  is  necessary  to 
consider  (1)  the  amount  of  illumination,  and  (2)  the  kind  of 
illuminant.  In  connection  with  (1),  the  diffuse  reflection  of 
direct  light  must  be  taken  into  account. 

Let  L  represent  a  given  quantity  of  light  afforded  by  the 
source  in  any  room,  and  Tc  the  coefficient  of  reflection.  Then  the 
total  illumination  at  any  point  will  be,  for  one  reflection,  L(l  -|-  A;); 
for  two  reflections,  L(l+^  +  ^^);  and  so  on,  using  the  next 
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higher  power  of  k  for  every  additional  reflection.  As  h  must  be 
less  than  unity,  the  series  is  governed  by  the  limiting  value 

^  This  expression  may  be  applied  to  calculate  the 


1-kj 

relative  effect  of  the  walls  upon  the  light  directly  radiated  into 
a  room. 

Eeferring  to  Table  IL,  we  find  that  the  value  of  k  for  an 
average  wall  surface  may  be  taken  at  0*3  5.    Taking  L  at  unity, 
1    \     .  /  1 


we  get  L 


=  1 


=  1-53. 


l-]cj  \l-0-35^ 
This  means  that  the  effective  value  of  the  light  is  increased 
about  5  0  per  cent  by  the  aid  of  diffuse  reflection,  and  this  result 
represents  fairly  what  is  likely  to  happen  in  an  ordinary  room 
of  moderate  size. 

Calculation  of  Light  Required. — The  intended  use  of  the 
room  to  be  lighted  must  always  be  considered  in  the  arrangement 
of  the  lights  if  economy  is  to  be  attained. 

Let  Fig.  320  be  the  plan  of  a  room,  measuring  20  feet  square 
by  1 0  feet  high,  to  be  lighted  so  that  it  may  be  easy  to  read  and 
write  in  any  part  of  it.  Tor  this  purpose  a  minimum  illumina- 
tion of  one  candle-foot  will  be  required  on  the  surface  of  a  plane, 
say  3  feet  above  the  floor  level. 


Fig.  320. 


Fig.  321. 


Fig.  322. 


Assume  the  source  of  light,  which  we  will  denote  by  the 
symbol  S,  to  be  in  the  middle  of  the  room,  and  at  a  height  of 
4  feet  above  the  plane  to  be  illuminated.  Then  the  distance  from 
the  centre  to  any  corner  of  the  plane  will  be  10x1  "4 1421  = 
14-1421  feet,  and  the  distance  from  S  "to  any  corner  of  the 
plane  will  be  n/14-14212 +  42  ^  ^216  =  14-7  feet.      By  the 

law  of  inverse  squares,  each  candle-power  at  S  will  give  only 


candle-foot  at  any  corner  of  the  room,  or 


144 


216 

candle-foot  allow- 
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ing  50  per  cent  for  augmentation  by  diffuse  reflection.  Conse- 
quently the  light  at  S  must  be  of  144:  candle-power  to  give 
adequate  light  in  the  corners,  but,  as  excessive  light  will  be  given 
near  the  middle  of  the  room,  this  represents  an  extremely  wasteful 
method  of  lighting. 

Next  let  us  assume  the  source  of  light  to  be  subdivided,  as 
shown  in  Fig.  321,  where  one  light  is  in  the  centre  of  each  quarter 
of  the  room.  Any  corner  of  the  plane  to  be  illuminated  will 
now  receive  varying  contributions  of  light  from  the  four  points 
which  we  will  denote  by  the  symbols  s^,  s.„  s^,  s^.  Considering 
the  right-hand  bottom  corner  in  the  diagram,  its  distances  from 
the  sources  of  light  will  be  approximately  =  8  feet,  s.,  and 
Sjj=16  feet,  s^=22  feet.  Expressing  in  decimal  fractions  the 
proportions  of  light  received,  in  accordance  with  the  law  of 
inverse  squares,  at  the  corner  for  each  candle-power  at  the 
different  sources,  we  have  : 

(0-0156  -H  0-0039  4-  0-0039  -\-  0-0020)  =  0-0254  candle-foot, 

or,  adding  50  per  cent  for  diffusion,  0-0381  candle-foot.  Hence 
the  value  of  the  illuminant  at  each  point  must  be  (1-1-0-0381)  = 
26-24  candle-power.     The  total  illuminating  power  required  is 
26-24  x  4=  104-96  candle-power,  which  represents  a  saving  of 
more  than  25  per  cent  as  compared  with  the  previous  example. 

A  still  more  economical  arrangement  is  shown  in  Tig.  322, 
where  one  light  is  in  the  centre  of  the  room,  and  the  others  on 
an  inscribed  circle.  On  calculation  it  will  be  found  that  the 
value  of  the  illuminant  at  each  point  need  only  be  17-09  candle- 
power,  or  a  total  of  85-45  candle-power  for  the  five  points, 
representing  a  further  economy  of  nearly  20  per  cent. 

In  rooms  where  work  is  confined  to  one  or  more  points  the 
arrangement  shown  in  Fig  322  may  be  modified  with  advantage 
by  increasing  the  power  of  the  lamps  at  such  points,  and  ^educing 
it  at  the  others. 

For  ordinary  living-rooms  an  arrangement  such  as  that  in 
Fig.  322  might  be  unsuitable,  as  the  disposition  of  the  lights  is 
generally  influenced  by  structural  and  artistic  considerations.  In 
rooms  of  this  class  uniform  lighting  is  not  necessary,  and  it  will 
be  sufficient  to  provide  a  general  illumination  of,  say,  0-5  candle- 
foot,  with  an  additional  illumination  of  1  candle-foot  in  parts 
where  a  bright  light  is  required  for  reading,  writing,  or  other 
occupations.     In  dining-rooms  a  good  central  lamp  with  two  or 
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more  small  lamps  on  brackets  will  amply  suffice,  and  in  bedrooms 
the  endeavour  should  be  to  place  the  lights  where  they  will  be 
useful,  rather  than  to  produce  a  general  lighting  effect. 

The  laws  governing  domestic  illumination  may  be  thus 
expressed : 

C 


L 


C  = 


Avhere      L  =  illumination  in  candle-feet  at  any  point ; 
C  =  candle-power  of  the  illuminant ; 
cl  =  distance  in  feet  from  the  illuminant. 


When  light  is  received  at  any  point  from  more  than  one 
source,  the  first  of  these  equations  becomes 

1  \/  1 

1 


L  =  C(i  +  ---f 


The  additional  expression 


1  -Z: 


gives  the  effect  of  diffuse 


reflection  for  different  kinds  of  wall-surface,  h  being  the  coefficient 
for  which  values  are  given  in  Table  XI. 

TABLE  XII. — Light  required  for  Rooms  and  Corridors. 
Ill  candle-power  for  an  area  of  10  square  feet. 


Description. 


DWELLING-HOUSES. 

Entrance  Halls 
Dining-Rooms 
Morning-Rooms 
Reception-Rooms 
Mnsic-Rooms  . 
Conservatories 
Libraries 
Smoking-Rooms 
Boudoirs 

Bedrooms  (principal) 
,,  (servants') 
Bathrooms,  etc. 

Hotels. 

Drawing-Rooms 

Bedrooms  .... 

Corridors  and  Subsidiary  Rooms 

Offices. 

General  Offices 
Private  Offices 

Corridors  and  Subsidiary  Rooms 


Candle-Power. 


2  - 

3 

3  - 

34 

2i- 

3 

2i>- 

4 

3  - 

5 

2  - 

3 

3  - 

34 

2|- 

3 

3  - 

34 

1i- 

2 

1  - 

14 

14- 

2 

5  - 

7 

2  - 

4 

1  - 

14 

5  - 

6 

2  - 

34 

2  - 

24 
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Table  XII.  is  generally  applicable  to  ordinary  lighting,  but 
the  amount  of  illumination  must  necessarily  be  varied  according 
to  the  circumstances  of  particular  cases.  In  exceptionally  high 
rooms  the  light  must  be  proportionately  increased,  to  compensate 
for  the  higher  position  of  the  lamps  and  for  the  smaller  amount 
of  diffused  reflection. 

The  Illumination  of  Large  Rooms  and  Halls. — In  several 
respects  the  lighting  of  large  interiors  involves  considerations 
that  do  not  occur  in  connection  with  the  illumination  of  small 
rooms.  Comparatively  little  assistance  is  afforded  by  diffuse 
reflection,  and  the  amount  of  light  required  is  governed  more 
by  cubical  measurement  than  by  floor  area.  It  generally  happens 
that  the  height  of  the  illuminant  above  the  plane  of  illumination 
is  increased  proportionally  to  the  height  of  the  room.  Conse- 
quently the  candle-power  must  be  increased  to  compensate  for 
the  greater  distance  to  be  traversed  by  the  rays,  and  this 
requirement  permits  the  employment  of  lamps  and  burners 
that  are  inadmissible  or  inadvisable  for  rooms  of  moderate 
dimensions. 

In  large  apartments  ranging  from  1,000  to  5,000  square  feet 
area,  adequate  illumination  is  secured  by  providing  about  3 
candle-power  for  every  10  square  feet  of  floor-space.  This 
proportion  applies  when  the  wall -surfaces  are  of  light  colour, 
and  when  the  lights  are  suspended  in  suitable  positions  not 
more  than  15  feet  above  the  floor. 

If  the  lights  are  arranged  as  a  frieze,  or  are  fixed  on  the 
ceiling,  from  30  per  cent  to  50  per  cent  more  illuminating 
power  will  be  necessary.  Frieze  and  ceiling  lights  form  a 
useful  groundwork  of  illumination  for  halls  and  ballrooms  if 
supplemented  by  lights  on  pendants  or  wall-brackets. 

Workrooms  and  Workshops. — For  workrooms  and  work- 
shops a  sufficient  number  of  lights  should  be  provided  for  general 
illumination,  and  specially  arranged  lights  with  suitable  shades 
and  reflectors  over  machines,  benches,  and  tables  where  brilliant 
illumination  is  required.  In  such  places  the  general  illumination 
should  be  on  the  basis  of  2:^-3  candle-power  for  every  10 
square  feet  of  area,  and  local  illumination  should  be  from  1  to 
3  candle-feet,  according  to  the  character  of  the  work. 

Shops  and  Showrooms. — For  lighting  shops  where  textile 
fabrics  are  sold  a  white  light  is  generally  desirable,  and  the 
candle-power  should  be  varied  witli  the  general  tone  of  the 
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materials  handled  in  different  branches  of  the  i  trade.  Electric 
arc  lamps  and  Nernst  lamps  are  the  most  suitable  for  preserving 
colour  distinction,  but  it  is  frequently  necessary  to  employ 
correctly  tinted  shades  to  neutralise  the  bluish  colour  of  the 
enclosed  arc  light.  Incandescent  electric  lamps  are  practically 
useless  for  colour  distinction,  but  incandescent  gas  lamps  give 
fairly  satisfactory  results  if  used  in  conjunction  with  pink  shades 
to  correct  the  greenish  hue  of  the  light. 

THE  CHOICE  OF  ILLUMINANTS. 

In  selecting  the  medium  of  illumination  various  points  must 
be  taken  into  consideration.  A  matter  of  great  importance  from 
the  hygienic  point  of  view  is  the  effect  produced  upon  the  atmo- 
sphere of  a  room  by  the  combustion  therein  of  illuminating 
material.  The  data  contained  in  Table  XIII.  require  little 
comment,  the  most  remarkable  feature  being  the  vitiation  of 
air,  expressed  in  terms  of  adult  persons. 


TABLE  XIII. — Effects  produced  by  the  Combustion  of  various 
Illuminants.    (Per  Hour.) 


Material. 

Quantity. 

CP. 

Oxygen 
Consumed. 
(Cub.  ft.) 

Moisture. 
(Cub.  ft.) 

Heat. 
(Calories.) 

Vitiation. 
(Adults.)* 

Paraffin  Oil  . 

992  gr. 

16 

6-2 

3-5 

1030 

7-5 

Kerosene  Oil 

909  gr. 

16 

5-9 

3-3 

1030 

7-0 

Gas,  Batswing 

5-5  c.  ft. 

16 

6-0 

7-3 

1192 

5-0 

, ,  Argand 

4-8  c.  ft. 

16 

5-8 

6-4 

1241 

4-3 

, ,  Welsbach 

3-5  c.  ft. 

50 

4-1 

4-7 

763 

3-0 

*  The  vitiation  caused  hy  one  adult  person  =  1. 


The  incandescent  electric  lamp  is  the  best  of  all  illuminants 
for  interior  lighting,  as  it  gives  a  steady  light,  causes  little  heat, 
and  does  not  vitiate  the  atmosphere.  Such  lamps  should 
always  be  in  ground  glass  bulbs,  or  be  sufficiently  shaded  in 
order  to  modify  their  excessive  intrinsic  brilliancy. 

For  the  illumination  of  large  interiors  and  outdoor  spaces  the 
enclosed  arc  lamp  and  the  Nernst  lamp  will  be  found  more 
advantageous. 

When  used  with  the  incandescent  burner,  gas  is  the  most 
economical  illuminant  for  domestic  use,  if  burners  of  appropriate 
power  be  employed.  Owing  to  the  high  intrinsic  brilliancy  of  the 
light,  incandescent  gas  burners  should  always  be  suitably  shaded. 
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In  point  of  quality  the  incandescent  electric  lamp  and  regenera- 
tive gas  lamps  deserve  the  first  place,  while  incandescent  gas  and 
enclosed  arc  lamps,  owing  to  their  colour,  and  open  arc  lamps,  by 
reason  of  their  unsteadiness,  take  a  decidedly  lower  position. 

In  respect  of  economy,  open  arc  lamps  come  first;  incandescent 
gas  lamps  second ;  and  enclosed  arc  lamps,  incandescent  electric 
lamps,  and  ordinary  gas  lights  last. 

It  is  probable  that  the  Nernst  lamp,  and  possibly  the  mercury- 
vapour  lamp,^  will  ultimately  take  rank  with  the  open  arc  in 
point  of  economy. 

Electric  Incandescent  Lamps. — Cheap  foreign -made  lamps 
cost  a  few  pence  less  than  good  English  lamps,  but  as  they  last 
only  two-fifths  of  the  time  and  consume  far  more  current  for  a 
given  duty,  they  are  very  costly  in  the  end.  Well-made  and 
reliable  lamps  can  be  obtained  at  reasonable  prices  and  should 
always  be  employed. 


TABLE  XIV. — Current  required  by  Electric  Incandescent  Lamps. 


Lamps. 

Amperes  at  various  voltages. 

Efficiency  per  c.-p. 

c.-p. 

100  V. 

105  V. 

110  V. 

200  V. 

210  V. 

220  V. 

Amps. 

Amps. 

Amps. 

Amps. 

Amps. 

Amps. 

8 

0-32 

0-30 

0-29 

0-16 

0-15 

0-14 

16 

0-64 

0-61 

0-58 

0-32 

0-30 

0-29 

4  watts. 

20 

0-80 

076 

073 

0-40 

0-38 

0-36 

25 

1-00 

0-95 

0-91 

0-50 

0-48 

0-45 

32 

1-28 

1-22 

1-16 

0-64 

0-61 

0-58 

8 

0-28 

0-27 

0-25 

0-14 

16 

0-56 

0-53 

0-51 

0-28 

0-27 

0'25 

3  "5  watts. 

20 

0  70 

0-67 

0-64 

0-35 

0-33 

0-32 

25 

0-87 

0-83 

0-80 

0-44 

0-42 

0-40 

32 

1-12 

1-07 

1-02 

0-56 

0-53 

0-51 

50 

175 

1-63 

1-59 

0-87 

0-83 

0-80 

16 

0-48 

0-46 

0-44 

0-24 

0-23 

0-22 

25 

075 

071 

0-68 

0-37 

0-36 

0-34 

32 

0-96 

0-91 

0-87 

0-48 

0-46 

0-44 

3  watts. 

50 

1-50 

1-43 

1-36 

075 

071 

0-68 

100 

3-00 

2-86 

273 

1-50 

1-43 

1-36 

150 

4-50 

4-29 

4-09 

2-25 

2-14 

2-04 

200 

6-00 

571 

5-45 

3-00 

2-86 

273 

16 

0-40 

0-38 

0-36 

0-20 

0-19 

0-18 

25 

0-62 

0-59 

0-57 

0-31 

0-30 

0-28 

32 

0-80 

076 

0  73 

0-40 

0-38 

0-36 

2  b  watts. 

50 

1-25 

1-19 

1-14 

0-62 

0-59 

0-57 

100 

2-50 

2-38 

2-27 

1-25 

1-19 

1-14 

150 

375 

3-57 

3-41 

1-87 

179 

170 

200 

5-00 

476 

4-54 

2-50 

2-38 

2-27 

1  At  tlie  time  of  writing,  the  mercury- vapour  lamp  is  only  just  being  introduced  in  a  commercial 
form. 
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The  life  of  an  incandescent  lamp  is  generally  taken  to  be 
1,000  hours,  but  it  is  not  economical  to  operate  it  too  long,  as 
after  600  hours  the  light  given  out  is  reduced  to  about  two-thirds 
of  the  original  amount.  Hence  the  lighting  of  a  room  may 
become  very  unsatisfactory  if  the  lamps  are  used  beyond  a 
certain  stage. 

Table  XIV,  gives  the  current  required  by  incandescent  lamps 
of  different  sizes  and  efficiencies  at  various  voltages. 

It  is  always  necessary  to  use  lamps  suitable  for  the  voltage  at 
which  current  is  supplied.  The  following  efficiencies  give  the 
best  average  results  in  practice : — 

Candle-Power.  Efficiency. 

5-16  4'0-3'5  watts  per  c. -p. 

16-32  3-5 -3-0 

50  and  above.  3-0 -2'0 

'  The  Nernst  Lamp. — In  this  special  form  of  incandescent  lamp 

J.     _  the  filament  consists 

of  rare  earths  akin 
to  those  used  in 
the  incandescent 
gas  mantle.  The 
filament  or  "glower" 
is  much  more  re- 
fractory than  car- 
bon, and  can  be 
carried  to  far  greater 
incandescence  with- 
out failure,  but  be- 
ing a  non-conductor 
when  cold,  it  must 
be  heated  before 
current  will  pass. 
Fig.  323  shows  the 
general  arrangement 
of  types  A  and  B 
of  the  Nernst  self- 
lighting  lamp,  the 
cliief  parts  of  v/hich 
Type  B.  are  the  glower  G, 

the  heater  H,  the 
automatic  cut-out  C,  and  the  resistance  E.  After  entering  the 
4-  terminal,  current  passes  through  the  heating  coil  H,  and  out 


Type  A. 


Fig.  323. 
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through  the  —  terminal.  When  the  heater  has  been  in  circuit 
a  few  seconds,  the  glower  becomes  hot  enough  to  act  as  a  con- 
ductor. Current  then  passes  through  the  automatic  cut-out,  the 
resistance  E,  the  glower  G-,  and  thence  out  of  the  lamp.  The 
glower  does  not  work  satisfactorily  in  an  exhausted  bulb,  and  is 
simply  protected  from  draught  and  dust  by  a  glass  shade  or 
globe. 

As  produced  at  the  present  time,  these  lamps  have  an  initial 
efficiency  of  less  than  2  watts  per  candle,  and  the  average  useful 
life  of  a  burner  is  about  400  hours. 

The  Nernst  lamp  is  made  in  sizes  ranging  from  15  to  150 
candle-power,  and  in  various  patterns  suitable  for  domestic  and 
outdoor  lighting.  It  is  important  that  continuous-current  lamps 
should  be  connected  with  due  regard  to  polarity.  The  positive 
pole  on  each  lamp  is  marked  with  a  -|-  sign. 

Linolite.  —  This  is  the  name  given  to  a  new  form  of  the 
incandescent  lamp,  and  consists  of  straight  carbon  filaments 
contained  in  glass  tubes,  which  are  connected  together  and  fitted 
into  metal  reflectors  as  shown  in  Fig.  324.  The  sides  of  the 
reflectors  are  bent  over  to  form  conduits  for  the  wires,  and  the 
complete  arrangement  can  be  attached  to  walls,  or  hung  from 
picture  rails,  so  as  to  throw  the  light  directly  into  the  space  to 
be  illuminated,  or  against  the  ceiling  for  reflection. 


Fig.  324. 


Electric  Arc  Lamps. — Arc  lamps  are  made  in  two  types, 
"  open  "  and  "  enclosed."  In  the  former,  air  has  free  access  to 
the  carbons,  and  in  the  latter  the  carbons  are  enclosed  in  a 
closely  fitting  globe  which  keeps  the  space  round  the  arc  nearly 
free  from  oxygen.  Both  types  can  be  used  with  either  continuous 
or  alternating  current. 

The  two  systems  of  running  arc  lamps  are  (1)  on  a  constant 
current,  in  series,  and  (2)  on  a  constant  potential,  either  in  series 
or  in  parallel.  In  the  first  system,  each  lamp  must  have  an 
automatic  cut-out,  so  that  the  failure  of  one  lamp  may  not 
extinguish  the  remainder.  In  the  second  system,  when  continuous 
current  is  used,  each  lamp  must  have  an  automatic  resistance 
acting  when  one  lamp  fails,  so  that  the  others  may  burn  steadily. 
B.C.- — II  T 
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When  alternating  current  is  used,  a  choking  coil  takes  the  place 
of  the  resistance. 

Open  arcs  of  from  6  to  20  amperes  require  across  the  carbons 
from  40  to  45  volts  continuous  current,  and  from  30  to  35  volts 
alternating  current.  Enclosed  arcs  require  'double  the  voltage 
and  half  the  current  necessary  for  open  arcs. 

The  relative  efficiency  of  different  forms  of  arc  lamps  is  stated 
approximately  in  Table  XV.  on  the  basis  of  mean  spherical  candle- 
power. 

TABLE  XV. — Comparison  of  Arc  Lamps. 

In  Watts  per  Mean  Spherical  Candle-Power. 


Type  of  Lamp. 


Current. 


Watts  per 
Spherical 
Candle-Power. 


Open,  not  shaded 
shaded 
,,     not  shaded 
shaded 

Enclosed 


Continuous 

Alternating 
)) 

Continuous 
Alternating 


Notes. 


Medium  power. 


Series  lamp. 
Outer  globe,  none. 

clear, 
opal, 
none, 
clear. 


In  lighting  large  workshops  with  the  open  arc,  unnecessarily 
dazzling  light  and  dark  shadows  may  be  avoided  by  inverting  the 
arc  and  reflecting  the  light  upon  a  whitewashed  surface  for 
diffusion. 

In  continuous  current  arc  lighting,  the  top  carbon  is  connected 
to  the  positive  conductor  for  direct  illumination,  and  to  the 
negative  conductor  for  reflected  light.  With  alternating  current 
the  light  is  thrown  equally  up  and  down,  and  for  direct  illumina- 
tion a  reflector  is  fitted  above  the  arc  to  throw  the  light 
downward. 

The  light  given  by  the  enclosed  arc  lamp  is  much  more  steady 
and  is  better  distributed  than  that  afforded  by  the  open  type. 

Ordinary  Gas  Burners. — Flat  flame  burners  of  the  latswing 
and  fishtail  variety  are  very  inefficient  unless  of  fairly  large  size. 
With  coal  gas  of  16  candle-power  nominal  value,  a  4  ft.  burner 
will  not  give  more  than  about  2-5  candle-power  per  cubic  foot, 
while  a  5  ft.  burner  gives  from  2*75  to  3  candle-power  per  cubic 
foot. 
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Argand  Burners. — These  give  better  results  thcan  ordinary 
burners  owing  to  the  enclosure  of  the  flame  by  a  chimney.  The 
efficiency  of  a  good  Argand  burner  is  from  3  to  3-5  candle-power 
per  cubic  foot  with  16  candle-power  gas. 

Regenerative  Gas  Lamps. — Burners  such  as  those  used  in 
the  Wenham  and  Siemens  regenerative  lamps  have  been  largely 
used  for  powerful  lights.  They  are  based  on  the  principle  of 
heating  both  the  gas  and  the  air.  The  burner  itself  somewhat 
resembles  an  inverted  Argand  arranged  so  as  to  furnish  a  circular 
sheet  of  flame,  convex  downwards.  Directly  above  the  burner 
are  the  gas  and  air  ducts. 

The  light  given  by  such  burners  is  a  brilliant  yellow- white, 
with  a  good  hemispherical  distribution  downwards.  With  16 
candle-power  gas,  their  efficiency  is  from  5  to  7  candle-power  per 
cubic  foot,  but  they  are  most  economical  in  large  sizes  ranging 
from  100  to  200  candle-power. 

Incandescent  G-as  Lamps. — Although  their  composition  has 
been  kept  more  or  less  a  secret,  it  is  known  that  the  incandescent 
mantles  consist  essentially  of  ^he  refractory  oxides  occurring  as 
components  of  certain  rare  minerals.  When  highly  heated  these 
substances  give  most  brilliant  incandescence  with  a  small 
expenditure  of  gas.  The  necessary  heat  is  furnished  by  a  Bunsen 
burner  within  the  mantle. 

As  in  most  gas  burners,  the  efficiency  of  the  mantle  burner 
increases  with  its  size,  but  the  average  light  given  is  from 
12  to  15  candle-power  per  cubic  foot  of  gas  consumed. 

When  the  burner  is  new,  its  efficiency  as  compared  with  other 
gas  burners  is  approximately  in  the  following  ratios : — 

Eegenerative  burner  3:1;  Argand  burner  5:1;  ordinary 
burners  6:1.  This  efficiency  is  not  maintained,  as  after  burning 
for  about  300  hours  the  light  yielded  is  little  more  than  two- 
thirds  the  original  amount. 

The  chief  objections  to  the  incandescent  burner  are  (1) 
that  the  light  has  an  unpleasant  greenish  hue;  (2)  that  the 
smallest  size  procurable  is  of  50  candle-power;  and  (3)  that 
much  of  the  light  is  prevented  from  falling  on  the  surface  to  be 
illuminated. 

The  first  drawback  may  be  modified  by  the  use  of  pink  shades, 
the  second  cannot  be  remedied  by  the  purchaser,  and  the  third 
may  be  corrected  to  some  extent  by  suitable  reflecting  shades. 

The  Inverted  Incandescent  Gas  Lamp. — This  new  form  of  the 
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incandescent  gas  lamp  possesses  features  that  render  it  very  suit- 
able for  domestic  lighting. 

Yig.  325  is  a  section  showing  the  essential  parts  of  the  new 
inverted  lamp.  The  socket  a  is  screwed 
for  connection  to  a  bracket  or  other 
fitting;  I  is  an  air  regulator  consisting 
of  a  sleeve  with  holes  which  can  be 
rotated  on  an  inner  tube  provided  with 
%  holes  of  corresponding  size ;  c  is  a  set- 
screw  for  fixing  the  air  regulator.  Gas 
and  air  are  mixed  in  the  chamber  d,  and 
delivered  through  the  pipe  e,  in  the 
china  cone  /,  at  the  end  of  which  the 
mixture  burns  with  a  Bunsen  flame. 
The  cone  /  acts  both  as  a  radiator  and 
reflector,  and  is  provided  with  projec- 
tions forming  a  bayonet-joint  for  sup- 
porting the  mantle  g\  three  arms,  of 
which  only  two,  hh,  are  here  seen,  carry- 
ing a  gallery  j,  for  attachment  of  the 
globe  k  by  means  of  set-screws, 
rig.  326  represents  a  complete  lamp,  with  a  70  candle-power 
mantle  burner,  the  consumption  of  which  is  stated  to  be  3-2 
cubic  feet  of  gas  per  hour.    Fig.  327  represents  a  complete  lamp 
with  a  20  candle-power  burner,  requiring  1  cubic  foot  of  gas  per 
hour.    By-passes  can  be  fitted  to  either  of  these  lamps.    Fig.  328 


Fig.  325. 


Fig.  326. 


Fig.  327. 


Fig.  328. 


shows  the  application  of  a  lamp  to  an  existing  gas  bracket  by 
means  of  an  "  adapter." 
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From  these  illustrations,  which  are  not  intended  to  show  rela- 
tive sizes,  it  will  be  seen  that  the  general  appearance  of  this  lamp 
very  much  resembles  that  of  an  incandescent  electric  lamp. 

In  this  type  of  incandescent  gas  lamp  most  of  the  light  is 
thrown  downwards,  no  shadows  are  cast  on  the  surfaces  to  be 
illuminated,  and  the  light  is  free  from  the  greenish  hue  of  the 
ordinary  incandescent  mantle  burner.  The  smaller  sized  burners 
represent  another  important  advantage,  as  they  can  be  employed 
for  the  more  efficient  distribution  of  light  and  for  the  more 
artistic  arrangement  of  lamps  in  large  rooms.  They  are  also 
useful  for  lighting  small  apartments  where  an  ordinary  mantle 
burner  would  be  far  too  powerful,  as  well  as  being  extravagant 
in  respect  of  gas  consumption.  Further,  the  new  inverted  lamp 
does  not  blacken  ceilings  to  anything  like  the  extent  experienced 
with  other  gas  burners  and  lamps. 

ELECTRIC  LIGHT  INSTALLATION. 

Electrical  Definitions  and  Laws. — Scientific  definitions  of 
electrical  units  of  measurement  are  based  on  the  C.G.S.  system, 
in  which  the  three  symbols  represent  centimetres,  grammes,  and 
seconds.  In  the  following  notes  we  deal  only  with  such  practical 
definitions  and  simple  laws  as  may  be  required  in  connection  with 
electric  light  installations. 

The  Amfhrz  is  the  unit  of  current.  The  current  flowing  per 
hour  is  commonly  taken  as  the  unit  of  quantity,  and  is  measured 
in  aiwphre-liours. 

The  Ohm  is  the  unit  of  electrical  resistance. 

The  Volt  is  the  unit  of  electromotive  force  (E.M.F.)  or  potential 
difference  (P.D.),  generally  termed  electrical  "  pressure,"  and  is 
the  electromotive  force  required  to  send  one  ampere  through  a 
resistance  of  one  ohm. 

The  Watt  is  the  unit  of  power  or  rate  of  doing  work,  and  is 
the  power  absorbed  in  a  circuit  when  a  current  of  one  ampere 
flows  between  two  points  having  a  potential  difference  of  one 
volt.    Hence,  1  watt  =  1  ampere  x  1  volt. 

An  electrical  horse-power  =  746  watts. 

The  amount  of  power  absorbed  per  hour  is  taken  as  a  unit  of 
energy  and  is  measured  in  watt-hours. 

The  Board  of  Trade  Unit  is  the  commercial  unit  of  electrical 
energy,  and  is  equal  to  1000  watt-hours. 
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For  convenience  in  writing  and  speaking  of  large  and  small 
quantities  of  units,  various  prefixes  are  employed. 
Thus — 

Megohm       =  one  million  ohms. 
Kilowatt      =  one  thousand  watts. 
Microhm      =  one  millionth  of  an  ohm. 
Milliamp^re  =  one  thousandth  of  an  ampere. 

A  glossary  of  some  frequently  used  electrical  terms  will  be 
found  in  Appendix  I.,  p.  373. 

Ohm's  Law. — In  every  electrical  circuit  the  three  factors — 
electromotive  force,  current,  and  resistance — are  always  present. 
These  are  connected  by  the  relationship  enunciated  in  Ohm's 
Law.  ■  Let  C  =  current,  E  =  electromotive  force,  and  E  =  resistance. 
Then  ^-^  ^ 

C  =  -,     E  =  -,     andE  =  CxE. 
E  0 

Nearly  all  the  calculations  required  in  electric  wiring  are  based 
on  these  simple  equations. 

Laws  of  Besistance. — The  resistance  of  any  conductor  is 
directly  proportional  to  its  length,  inversely  proportional  to  its 
area,  and  directly  proportional  to  the  specific  resistance  of 
the  material. 

Let  E  =  resistance  of  a  rod  of  material,  /  =  length  of  the  rod 
in  inches,  A  =  cross-sectional  area  of  the  rod  in  square  inches, 
and  p  =  specific  resistance  of  the  material  per  cubic  inch. 

A" 

If  p  be  expressed  in  C.G.S.  units,  I  must  be  in  centimetres 
and  A  in  square  centimetres. 

As  resistance  increases  with  the  increase  of  temperature  due 
to  the  passage  of  current  through  a  conductor,  the  following 
formula  is  used  for  calculating  the  resistance  of  a  conductor  at  a 
given  temperature  from  its  known  resistance  at  a  lower  tempera- 
ture. Let  E  =  resistance  at  the  lower  temperature,  E^  =  resist- 
ance at  the  higher  temperature,  t  =  difference  in  temperature,  and 
oc  =  temperature  coefficient. 

'^^^^  E^  =  E(H-ocO. 

Data  for  the  resistances  and  weights  of  copper  conductors  will 
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be  found  at  p.  387  in  the  Appendix  to  the  Wiring  Eules  of  the 
Institution  of  Electrical  Engineers. 

A  Key  Diagram  explanatory  of  the  wiring  and  other  diagrams 
contained  in  this  chapter  will  be  found  on  p.  339. 

ELECTEIC  CUEEENT  FOE  LIGHTING. 

These  notes  refer  to  the  available  sources  of  supply,  and  contain 
brief  particulars  of  the  plant  necessary  for  a  private  generating 
station. 

Public  Sources  of  Supply. — In  most  cities  and  large  towns 
current  is  supplied  from  central  stations,  and  brought  into  the 
premises  to  be  lighted,  for  connection  to  the  wiring  system.  As 
a  general  rule,  meters  are  provided  by  supply  corporations,  and 
charges  are  based  on  the  consumption  in  Board  of  Trade  Units. 
The  price  per  unit  varies  considerably  in  different  districts,  and 
rates  are  usually  fixed  in  accordance  with  the  maximum  demand 
system,  which  provides  for  a  considerable  reduction  in  the  price 
for  current  used  after  the  first  hour  in  each  day. 

Current  for  lighting  is  supplied  in  two  forms :  (1)  as  con- 
tinuous or  direct  current,  and  (2)  as  alternating  current. 

Continuous  current  apparently  flows  in  one  direction  through 
the  conducting  system,  while  alternating  current  exhibits  a  com- 
plete cycle  of  changes,  both  of  magnitude  and  of  direction,  at  regular 
intervals  of  time.  The  time  occupied  by  a  complete  cycle  is  called 
the  period,  and  the  number  of  cycles  per  second  is  termed  the 
periodicity  or  the  frequency  of  the  current. 

As  comparatively  few  supply  corporations  furnish  alternating  cur- 
rent for  lighting,  all  subsequent  notes  will  refer,  unless  otherwise 
specified,  to  systems  in  which  continuous  current  is  employed. 

Private  Sources  of  Supply. — Cases  often  occur  in  which  the 
installation  of  private  generating  plant  is  either  desirable  or 
absolutely  necessary.  Business  premises  and  public  buildings 
in  towns,  and  large  dwelling-houses  in  suburban  districts,  can 
generally  be  supplied  with  current  from  private  generating  plant 
at  lower  cost  tha-n  from  a  public  source,  while  similar  buildings 
in  country  districts  are  frequently  situated  in  places  where  current 
cannot  be  purchased.  Further,  it  should  be  remembered  that 
water-power  is  sometimes  available  for  the  cheap  generation  of 
electricity  in  country  districts.  The  essential  units  of  a  private 
generating  plant  are  briefly  discussed  in  the  subjoined  notes. 
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Motive  Power. — Steam-engines  specially  designed  for  electric 
lighting  are  now  available  in  all  sizes,  but  unless  steam-power  is 
also  required  for  other  purposes  this  form  of  prime  mover  is  not 
to  be  recommended.  Gas  and  oil  engines  are  far  more  economical 
for  small  private  installations.  Eecent  improvements  render  either 
type  of  motor  perfectly  suitable  for  adoption,  and  the  amount  of 
personal  attendance  required  is  so  small  that  the  engagement  of 
additional  help  is  rarely  necessary. 

The  consumption  of  gas  in  a  modern  engine  is  15-25  cubic 
feet  per  brake  horse-power.  Taking  the  upper  limit,  the  con- 
sumption per  kilowatt  is  (25xl000)-f-746  =  33-5  cubic  feet, 
or,  allowing  for  losses,  say  3  7 '5  cubic  feet.  With  gas  at  2s.  6d. 
per  1000  cubic  feet,  the  cost  of  fuel  works  out  at  about  1*1 2d. 
per  Board  of  Trade  Unit. 

The  consumption  of  oil  in  a  well-designed  engine  at  full  load 
is  not  more  than  0'82  lb.  per  brake  horse-power.  On  this  basis 
the  consumption  per  kilowatt  is  (0-82  X  1000)-^746  =  1-09  lb., 
or,  allowing  for  losses,  say  1*2  lb.  Taking  the  specific  gravity 
of  oil  at  O'S,  and  the  price  at  6d.  per  gallon,  the  cost  of  fuel 
works  out  at  0'9d.  per  Board  of  Trade  Unit. 

The  above  figures  are  subject  to  revision  according  to  local 
circumstances,  but,  as  fuel  is  the  chief  item  of  expenditure  in  the 
generation  of  electricity,  they  serve  to  demonstrate  the  possibility 
of  producing  current  at  very  economical  rates  in  a  private  station. 
The  Generator  or  Dynamo. — This  machine  converts  mechanical 
energy  into  electrical  energy  by  the  rotation 
of  the  armature  in  a  magnetic  field.  Fig.  329 
indicates  the  essential  parts  of  a  bi-polar  con- 
--F  tinuous- current  dynamo.  The  field -magnet 
-B  coil  A  carries  the  current  necessary  for  ex- 
citing the  field  magnet  B,  which  produces 
magnetic  lines  of  force  passing  the  armature 
C.  Current  is  generated  in  the  windings  D 
of  the  armature,  at  one  end  of  which  is  the 
commutator  E,  where  carbon  or  metal' brushes 
FF  collect  the  current. 
Continuous  current  dynamos  are  classified  according  to  the 
method  of  winding  adopted  for  the  field  magnets. 

(a)  The  series-wound  dynamo  (Fig.  330)  is  suitable  for  arc 
lamps  in  series,  where  the  current  must  be  constant  although  the 
voltage  may  vary. 
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(h)  The  shunt-wound  dynamo  (Fig.  331)  is  used  for  incandes- 
cent lamps,  where  the  voltage  must  be  constant  although  the 
current  used  may  vary.  These  conditions  are  imperfectly 
fulfilled  by  shunt-winding,  as  any  increase  of  current  causes 
a  drop  in  voltage. 

(c)  The  compound-wound  dynamo  (Fig.  332),  which  combines 
series  and  shunt-win.ding,  is  most  suitable  for  incandescent  lamps, 
as  any  increase  in  the  load  causes  more  current  to  pass  round 
the  field  magnets,  thus  maintaining  the  voltage  at  its  normal 
value. 


Fig.  330.  Fig.  331.  Fig.  332. 


Dynamos  may  be  directly  coupled  to  the  prime  mover,  or 
driven  by  belting.  A  comparatively  large  output  can  be  obtained 
from  a  small  dynamo  running  at  high  speed ;  and  as  the  speed 
of  a  belt-driven  machine  is  not  limited  by  that  of  the  engine, 
this  mode  of  driving  involves  less  outlay  than  direct  driving. 
A  direct-coupled  generating  set  economises  space  and  is  frequently 
to  be  preferred. 

In  fixing  a  belt-driven  dynamo,  it  is  always  desirable  to  use  a 
sliding  cast-iron  bed -plate,  with  screws  permitting  adjustment 
of  the  belt  while  the  machine  is  running. 

The  Storage  Battery. — In  private  installations  the  use  of  an 
accumulator  or  storage  battery  is  always  desirable.  The  cells 
can  be  charged  at  any  convenient  time  during  the  day,  and  a 
steady  supply  of  current  is  thereby  rendered  available  at  all 
hours  of  the  day  or  night. 

The  cells  of  a  battery  are  made  in  various  sizes  providing 
specified  capacities  in  ampere-hours.  Consequently,  it  is  easy 
to  select  cells  suitable  for  the  requirements  of  any  given  case. 
The  electromotive  force  of  each  cell  when  discharging  is  about 
2  volts  for  all  sizes.  Therefore  25  cells  =  50  volts,  or  50  cells  = 
100  volts,  but  in  practice  it  is  usual  to  allow  27  cells  for  a 
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50 -volt  circuit,  and  54  cells  for  a  100-volt  circuit,  the  additional 
cells  being  for  the  purpose  of  compensating  for  the  inevitable  fall 
of  voltage  during  discharge. 

The  Switchboard. — In  a  small  installation,  where  the  generator 
is  in  an  outbuilding,  and  current  is  taken  direct  from  the  dynamo 
or  battery  to  the  main  distribution-board  in  the  house  to  be 
lighted,  the  switchboard  is  of  very  simple  construction.  Fig.  333 
is  a  diagram  indicating  the  instruments  and  connections  for  such 
a  board. 


V 

vs 

F 
BS 


Voltmeter. 
Voltmeter  switch. 
Fuse. 

Battery  switch. 


DYNAMO 


A  —  Ammeter. 
AS  =  Ammeter  switch. 
DS  =  Dynamo  switch. 
MS  =  Main  switch. 


Fig.  3S3. 


In  a  larger  installation  it  is  often  desirable  to  control  the 
branch  circuits  from  the  main  switchboard  in  the  generating 
station.  Distribution  boards  are  also  provided  in  different  parts 
of  the  building,  or  in  the  separate  buildings  to  be  lighted. 
Fig.  334  is  a  diagram  showing  the  instruments  and  connections 
for  a  switchboard  of  this  type,  to  which  the  addition  of  a  per- 
manent earth  tester  will  afford  ready  means  of  detecting  faults. 
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DYNAMO 


A 
AS  . 
DS 

cs 


Ammeter. 
Ammeter  switch. 
Dynamo  switch. 
Circuit  switch. 


V  =  Voltmeter. 
VS  =  Voltmeter  switch. 
MS  =  Main  switch. 
CF  =  Circuit  fuse. 


BS  =  Battery  regulating  switch. 
Fig.  334. 


DISTEIBUTING  MAINS. 

Under  this  head  we  deal  with  the  distribution  of  electricity 
from  the  source  of  supply  to  the  building  or  buildings  in  which 
it  is  to  be  used. 

The  two-wire  system  is  the  most  suitable  for  general  adoption. 
In  Pig.  335  the  lamps  are  shown  in  parallel  between  the  positive 
and  negative  conductors.  The  system  may  be  elaborated  to  any 
desired  extent  by  the  addition  of  branch  conductors,  but  all  the 
positives  must  be  in  direct  communication  through  the  apparatus 
in  circuit  with  the  negative  feeding-point. 

Separate  cables  can  be  employed  for  the  positive  and  negative 
conductors,  or  concentric  cables  may  be  used. 
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Fig.  335.    Two- Wire  System, 

The  three, -wire,  system  is  only  to  be  recommended  for  large 
buildings  equipped  with  a  private  generating  station.  It  may 
be  regarded  as  the  combination  of  two  two-wire  systems  arranged 
side  by  side,  and  of  which  the  two  adjacent  wires  are  replaced 
by  one  inner  wire,  as  in  Fig.  336.  Here  the  lamps  are  shown  in 
parallel  between  the  branch  conductors,  which  are  taken 
alternately  from  the  positive  and  negative  mains  or  outers  ;  but 
all  the  branch  returns  are  connected  to  the  centre  main  or  irmer. 
Thus,  if  the  positive  outer  be  maintained  at  200  volts  above 
earth,  the  negative  outer  at  200  volts  below  earth,  and  the  inner 
at  earth  potential,  the  difference  between  the  outers  is  400  volts, 
and  between  either  outer  and  the  inner  only  200  volts.  The 
latter  is  the  maximum  potential  entering  the  branch  circuits. 
Currents  flowing  in  the  inner  wire  neutralise  each  other,  and 
there  would  be  no  resultant  current  in  the  inner  if  the  load  were 
equally  balanced. 


5  
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Fig.  336,    Three-Wire  System. 


Owing  to  the  higher  potential  between  the  outers  and  the 
small  amount  of  current  in  the  inner,  the  three -wire  system 
requires  far  less  copper  than  the  two-wire  system.  Table  XVI. 
contains  a  comparison  of  the  two  systems  when  the  area  of  the 
inner  is  taken  at  one-fourth  that  of  either  outer,  but  in  practice 
the  area  of  the  inner  should  be  about  two-thirds  the  area  of 
either  outer. 
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TABLE  XVI. — Comparison  of  Two-Wire  and  Three-Wire  Systems. 


Equal  voltage  on  lamps,  equal  power  transmitted,  and  equal  fall  of  voltage. 


Points  for  Comparison. 

Two-Wire. 

Three- Wire. 

Maximum  potential  difference  .... 
Current  in  outers  =  C 

Resistance  of  each  outer  =  R  .... 
Weight  of  each  outer  (no  current  in  inner) 
Weight  of  inner  .... 
Total  weight  of  wires  ..... 
Weight  of  copper  ...... 

200  volts 
C 
R 
1 

2 

100  per  cent. 

400  volts 

4  R 

I 
1 

9 

28  per  cent. 

The  three-wire  system  is  chiefly  to  be  recommended  for  con- 
veying current  from  the  generating  plant  to  isolated  buildings, 
or  to  different  parts  of  a  large  building  with  a  two-wire  system 
for  local  wiring. 

By  directly  connecting  between  the  outers  a  high  voltage  cur- 
rent can  be  obtained  for  driving  small  motors  or  for  arc  lighting. 
Either  three  separate  cables  or  a  triple  concentric  cable  may  be 
used  for  the  conductors. 

Conductors. — In  cables  and  wires  used  for  domestic  lighting 
installations,  copper  is  used  almost  without  exception  as  the 
conducting  material.  The  metal  must  be  efficiently  insulated, 
so  as  to  prevent  the  possibility  of  contact  between  the  positive 
and  negative  conductors.  The  consequence  of  such  contact  would 
be  a  sliort  circuit,  suddenly  liberating  a  large  amount  of  electrical 
energy,  probably  melting  some  portion  of  the  conductors,  and 
setting  fire  to  the  premises. 

If  moisture  should  penetrate  the  insulation,  an  earth  connection 
will  be  established,  with  the  result  that  current  will  leak  from 
one  pole  to  the  other  through  the  moisture  or  "  earth,"  and  if 
the  moisture  be  a  good  conductor  a  dead  earth  connection  will 
be  set  up.  In  one  event  electrolytic  action  will  eat  away  the 
positive  conductor  until  the  circuit  is  broken,  and  in  the  other 
the  effects  may  be  as  serious  as  those  of  a  short  circuit. 

In  addition  to  electrical  insulation,  conductors  require 
mechanical  protection  against  injury. 

India-rubber  is  the  best  insulating  material.  It  is  an  excel- 
lent non-conductor,  is  little  affected  by  temperature  changes,  and 
permits  the  cables  and  wires  to  be  bent  safely  and  readily. 

Ordinary  cables  of  the  best  quality  consist  of  high-conductivity 
tinned  copper  wires,  insulated  with  pure  and  vulcanised  rubber. 
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wound  with  specially  prepared  tape,  the  whole  being  vulcanised 
together,  and  finally  covered  with  an  outer  sheathing  of  lead. 

Cables  of  untinned  copper  wires  insulated  with  diatrine  paper 
and  covered  with  lead  are  much  used  in  the  present  day  for 
underground  mains.  Great  care  must  always  be  exercised  in 
laying  and  jointing  such  conductors,  because,  if  the  ends  become 
at  all  wet,  moisture  will  travel  along  the  insulation  causing 
leakages,  the  rectification  of  which  may  prove  to  be  very  trouble- 
some and  expensive. 

Many  different  kinds  of  ordinary  and  special  cables  are  made, 
but  as  full  details  relative  to  construction,  dimensions,  capacity, 
resistance,  and  weight  are  published  by  the  leading  makers,  it  is 
unnecessary  to  give  detailed  particulars  in  this  chapter. 

Limiting  Temperature  of  Condiictors. — The  resistance  of  any 
conductor  to  the  flow  of  an  electric  current  develops  heat  in  a 
measure  directly  proportional  to  the  amount  of  current,  and 
inversely  proportional  to  the  area  of  the  conductor.  The  tem- 
XDerature  of  a  conductor  should  be  kept  within  reasonable  limits 
for  the  following  reasons  : — 

1.  The  resistance  of  the  conductor  increases  with  the  increase 
of  temperature. 

2.  The  resistance  of  the  insulation  decreases  with  the  increase 
of  temperature. 

3.  Some  insulation  materials  are  softened  and  some  are 
otherwise  injured  by  heat. 

4.  The  overheating  of  a  conductor  occasions  risk  of  fire. 

The  increase  in  temperature  of  a  conductor  depends  upon  its 
■electrical  conductivity,  the  nature  and  extent  of  the  radiating 
surface,  the  nature  and  condition  of  the  surrounding  medium, 
and  the  specific  heat  of  the  metal.  In  the  case  of  a  lighting 
installation,  the  conditions  vary  from  point  to  point,  and  exact 
determinations  of  temperature  throughout  a  distributing  system 
would  involve  much  tedious  and  unnecessary  labour. 

On  reference  to  the  table  at  the  end  of  the  Wiring  Eules  of 
the  Institution  of  Electrical  Engineers  (Appendix  II.,  p.  376),  it 
will  be  seen  that  maximum  currents  are  given,  in  columns  6,  7, 
and  10,  for  two  classes  of  conductors.  These  permissible  currents 
have  been  calculated  with  due  regard  to  the  equivalent  rise  in 
temperature,  and,  so  far  as  temperature  is  concerned,  it  is  quite 
sufficient  to  work  to  this  standard  without  special  calculation. 

Fall  of  Potential  in  Conductors. — The  resistance  of  any  con- 
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ductor  to  the  passage  of  an  electric  current  causes  loss  of 
potential,  just  as  the  resistance  in  a  pipe  to  the  flow  of  liquid 
or  gas  causes  loss  of  pressure. 

It  is  always  necessary  to  calculate  the  loss  of  potential  in 
conductors,  but  this  is  a  very  simple  matter. 

E 

By  Ohm's  Law  G  =      and  E  =  C  x  R 

As  E  =  L .  r,  or  length  of  any  conductor  x  resistance  in  ohms  per 
foot,  we  have 

E 

E  =  C  .  r .  L,  and  r  =  h~F" 

O  .  Li 

Let  the  loss  of  potential  be  limited  to  2-5  volts  in  a  100-volt 
circuit  between  a  dynamo  and  the  building  to  be  lighted.  Assume 
the  current  to  be  500  amperes,  and  the  distance  between  the 
two  points  to  be  200  feet,  giving  400  feet  as  the  combined  length 
of  positive  and  negative  conductors. 

Then  for  the  resistance  per  foot  we  have 

r=  2-5-^(500  X  400)=  2-5-^200,000  =  0-0000125  ohm. 

To  find  a  conductor  having  this  resistance  we  turn  to  the 
table  facing  p.  094,  and  find  by  column  7  that  a  91/-098"  cable 
will  carry  the  maximum  of  560  amperes,  and  by  column  11  we 
see  that  the  corresponding  loss  of  potential  is  1  volt  for  a  length 
of  50  yards. 

ffhe  resistance  per  foot  of  conductor  is  thus  found : 

"  =  560  x?50x3)  =  Q-QQQQ^^^ 

Therefore,  by  E  =  C  .  r .  L,  the  loss  of  potential  is  0-0000119  X 
200,000  =  2-38  volts,  and  the  91/-098"  cable  is  of  ample  size. 

By  a  development  of  this  method,  the  conductors  for  any 
system  of  distribution  can  be  proportioned;  but,  where  many 
such  calculations  are  required,  time  will  be  saved  by  using  a 
table  giving  the  resistances  of  cables  per  foot  or  for  other 
convenient  units. 

Conversely,  the  loss  of  potential  can  be  calculated  from  the 
known  current  in  a  circuit  of  any  given  length. 

Cable  Laying. — Underground  cables  may  be  laid  on  the 
drawing-in  system  or  the  solid  system.  The  latter  is  always  to 
be  preferred. 

Drawing-in  System. — In  the  drawing-in  system  cast-iron  pipes 
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stoneware  pipes,  or  ducts  of  stoneware,  bitumen -concrete,  and 
cement  may  be  used.  Whenever  possible,  one  pipe  or  one 
compartment  should  be  provided  for  each  cable.  Lead-covered 
cables  are  almost  invariably  used. 

Cast-iron  pipes  for  use  as  conduits  should  have  spigot  and 
socket  ends,  and  rounded  internal  edges,  as 
shown  in  Fig.  337.  Before  use  it  is  well 
to  clean  the  interior  of  each  pipe  so  as  to 
remove  irregularities  likely  to  damage  the 
Fig.  337.  cables  when  being  drawn  in.     All  bends 

ought  to  be  provided  with  hand-holes.  The  pipes  and  all  fittings 
should  be  coated  inside  and  outside  with  Dr.  Angus  Smith's 
composition. 

Wrought -iron  pipes  are  not  to  be  recommended  for  under- 
ground work,  owing  to  their  want  of  durability. 

In  making  joints,  the  spigot  end  of  one  pipe  is  pushed  into 
the  socket  end  of  the  other.  A  layer  of  yarn  is  then  wound 
around  the  spigot  for  a  width  of  1  in.  to  1^  in.,  and  rammed 
down  to  the  bottom  of  the  socket,  so  that  melted  lead  can  be 
poured  into  the  annular  space  between  the  spigot  and  socket. 
After  the  lead  has  cooled,  the  clay  is  removed  and  the  lead  is 
caulked  in  with  a  proper  tool.  When  laying  the  pipes  it  is  well 
to  thread  a  stout  galvanised  wire  through  them,  to  facilitate  the 
later  process  of  drawing-in  the  cable.  All  open  ends  of  the  pipe 
line  should  be  plugged  after  laying,  to  keep  out  water  and  earth. 
The  ends  should  be  similarly  stopped  whenever  the  work  of  laying 
is  interrupted. 

Glazed  stoneware  drain-pipes  with  cement  joints  are  also  used 
for  the  drawing-in  system.  This  form  of  conduit  is  open  to  the 
objections  that  any  cement  from  the  joints  will  injure  the  cable, 
and  that  the  pipes  are  apt  to  be  non-concentric  at  the  joints, 
thus  presenting  sharp  edges  likely  to  damage  the  insulation  during 
the  drawing-in  process. 

An  improvement  on  the  ordinary  stoneware  pipe -joint  is 
Doulton's  ball-and-socket  joint,  shown  in 
Fig.  338.  In  this,  a  composition  of  sul- 
phur, sand,  etc.,  is  moulded  upon  the  pipe 
ends,  so  that  the  spigot  end  forms  part  of 
a  sphere,  while  the  socket  is  part  of  a 
cylinder.    Before  being  inserted,  the  spigot 


Fig.  338. 


must  be  well  greased ;  it  can  then  be  slid  in,  and  makes  a 
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perfectly  watertight  joint.  The  joint  is  not  broken  by  moderate 
sinking  of  the  earth,  as  the  ball  and  socket  allow  movement 
within  reasonable  limits,  while  still  preserving  a  watertight  fit. 
There  is  no  danger  of  non-concentric  ends,  and  the  pipes  can 
be  laid  very  quickly. 

Other  varieties  of  conduit  for  the  drawing-in  system  need  not 
be  mentioned  here,  as  they  are  chiefly  applicable  to  public  dis- 
tributing mains. 

Doulton's  bell-mouth  cable  protector  is  illustrated  in  Tig.  339, 
These  protectors  are  made  to  suit  the  spigot 
and  socket  ends  of  different  sizes  of  iron 
pipes,  and  are  also  made  in  halves,  so  that 
they  may  be  fixed  in  places  where  the  cables 
have  already  been  drawn  in.  The  protector 
is  secured  by  means  of  cement  as  shown  in 
the  drawing. 

In  laying  pipes  of  any  kind,  the  size  must  be  ample  for  the 
cables  to  be  drawn  in.  For  single  cables,  the  internal  pipe 
diameter  should  not  be  less  than  twice  the  external  diameter  of 
the  cable.  Wherever  practicable,  the  pipes  should  be  laid  in 
straight  lines,  and  all  curves  should  be  as  easy  as  possible. 

Cables  must  never  be  drawn  round  sharp  bends.  Bends  must 
always  be  fixed  in  a  horizontal  plane.  The  pipe  line  must  never 
be  dipped  down  and  brought  up  again,  thus  forming  traps  for 
water. 

Before  commencing  to  draw  in  the  cable,  a  swab  should  be 
passed  through  the  pipe  to  clear  away  earth  or  other  obstructions. 
Plenty  of  soft  soap  should  be  used  as  a  lubricant,  but  the  soap 
must  be  chemically  neutral.  Great  care  must  be  taken  to  see 
that  the  cable  is  not  in  any  way  twisted.  This  is  especially 
important  in  the  case  of  a  concentric  cable.  If  part  of  a  cable 
has  to  be  drawn  out  of  a  pipe  at  any  point,  it  should  be  rolled 
on  a  spare  drum.     It  must  never  be  coiled  down  like  a  rope. 

If  a  cable  has  to  be  cut,  the  ends  should  be  carefully  sealed. 
Inefficient  sealing  is  sure  to  cause  trouble,  especially  with  paper 
insulation. 

Solid  Si/stem. — In  the  solid  or  built-in  system,  the  cables  are 
laid  in  wooden,  stoneware,  iron,  or  other  troughs,  which  are  then 
filled  with  melted  bitumen  and  closed  by  suitable  covers.  The 
advantage  of  this  system  is  that  the  cables  are  open  to  inspection 
during  and  after  laying;  hence  they  can  be  tested  before  the 
B.C. — II  XJ 
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troughing  is  filled  with  bitumen,  and  any  faults  can  be  made 
good  with  a  minimum  amount  of  trouble  and  cost. 


Fig.  340. 


Fig.  340  represents  a  wooden  trough  for  two  cables  supported 
on  wooden  bridges  and  filled  in  with  bitumen.  The  troughing 
should  be  made  in  12  ft.  lengths,  of  pitchpine  boards  1\  or  1;^ 
in.  thick;  the  bridges  should  be  in.  thick,  and  boiled  in 
bitumen  before  use.  Jointing  is  performed  by  butting  two  ends 
together  and  enclosing  them  in  a  covering  trough  about  18  ins. 
long.  As  a  precaution  against  decay,  the  troughs  should  be 
boiled  in  Stockholm  tar  free  from  creosote. 

Timber  troughing  is  found  satisfactory,  and  additional  pro- 
tection against  digging  or  excavating  tools  can  be  provided  by  a 
thin  board  laid  above  the  cover,  and  separated  from  it  by  a  layer 
of  earth. 


Fig.  341. 


Fig.  341  represents  a  stoneware  trough  for  a  single  cable,  and 
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Fig.  342  similar  troughing  for  a  three- wire  system.    In  each 


Fig.  342. 


case  the  troughs  are  made  with  socketed  ends,  so  that  the  lengths 
can  be  jointed  up  with  cement. 

Cast-iron  troughs  are  also  used,  but  they  are  more  expensive 
than  stoneware  troughing,  and  the  great  drawback  attending 
their  employment  is  that  the  development  of  a  "  fault "  rapidly 
leads  to  the  establishment  of  a  short  circuit. 

Fig.  343  shows  some  typical  bridges  for  various  troughs. 
Sufficient  bitumen  should  be 
poured  into  the  troughing  to 
form  a  bottom  layer,  into  which 
the  bridges  carf  be  pressed  at 
suitable  intervals.  The  bridges 
will  then  adhere  firmly,  and 
the  cables  can  be  pulled  along 
the  grooves  while  they  are  being 
laid.  After  the  cables  have 
been  filled  in  with  bitumen,  the 
covers  can  be  cemented  down. 

rig.  344  illustrates  the  Howard  solid  system.  In  this  there 
is  an  asphalt  trough,  on  the  bottom  of  which  the  cables  are  laid. 
Hot  bitumen  and  then  hot  asphaltic  concrete  are  poured  over 
them,  welding  the  whole  into  a  solid  mass.  The  troughing  is 
cased  in  sheet-iron,  so  that  it  may  not  be  damaged  during  trans- 
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port  by  rail  or  after  delivery.  For  making  bends,  special  lengths 
of  troughing  are  supplied,  from  which  the  iron  cases  can  be 

removed  so  that  the  troughs 
can  be  bent  to  any  curve  after 
warming.  Jointing  is  effected 
by  the  use  of  a  hot  iron,  the 
ends  of  the  troughs  being 
supported  by  a  sheet  -  iron 
cradle  during  the  process. 
This  form  of  troughing  oc- 
cupies very  little  space,  it 
is  easily  laid,  it  will  yield  to 
any  ordinary  pressure  without 
cracking,  and  the  material 
used  is  a  good  electrical  insulator.  Suitable  joint-boxes  are  made 
for  the  Howard  troughing  in  I,  T,  Y,  and  -f-  shapes. 

Troughing  of  any  kind  should  be  laid  on  a  prepared  founda- 
tion of  rough  concrete,  and  when  passing  under  roadways  a 
covering  layer  of  concrete  may  be  advisable  as  a  protection  against 
undue  pressure. 

Cables  are  sometimes  laid  directly  in  the  ground,  and  although 
efforts  are  made  to  protect  the  cables  by  armouring,  it  is  impossible 
to  expect  them  to  be  durable.  Steel  armouring  is  readily  corroded, 
and  in  a  few  years  the  insulating  material  will  lose  its  original 
protection  and  may  be  expected  to  break  down  under  destructive 
influences. 

Earthing  Device  for  Conduits  and  Cables. — Fig.  345  shows  the 
Howard  system,  providing  a 
safeguard  against  stoppage  of 
supply  when  the  insulation  of 
a  cable  breaks  down,  and  the 
elimination  of  damage  by  elec- 
trolytic currents.  This  figure 
represents  a  joint -box,  con- 
necting two  lengths  of  lead- 
covered  cable  laid  in  the 
troughing.  The  cable  is  in- 
sulated from  the  joint-box  by 
asphalt,  and  the  lead  covering 
of  the  cable  is  connected  to 

earth  through  a  resistance  of  1  ohm  and  an  indicating  fuse  to 
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blow  at  2  5  amperes.  The  lead  covering  of  the  cable  is  divided  up 
into  sections  at  the  joint-boxes,  and  the  only  path  from  the  lead 
covering  to  earth  is  through  the  resistance  and  the  fuse.  If  a 
failure  of  the  insulation  occurs,  the  fuse  is  blown,  the  lead  covering 
is  insulated  from  earth  by  the  asphalt  troughing,  and  the  resis- 
tance reduces  the  electrolytic  current  so  that  it  is  quite  harmless. 
This  method  is  obviously  superior  to  the  connection  of  the  metal 
conduit  or  sheathing  to  a  water  main  in  the  ordinary  way. 

Brick  Chambers  and  Junction-Boxes. — In  installations  where 
several  buildings  are  served  from  one  source  of  supply,  brick 
chambers  are  frequently  desirable  at  main  junctions  and  drawing- 
in  points.  The  walls  should  be  of  brick  set  in  cement  and  faced 
inside  with  cement ;  the  floor  should  be  of  cement  sloped  to  a 
trapped  outlet  which  should  be  connected  up  to  the  nearest  drain ; 
and  suitable  provision  should  be  made  for  ventilation. 


Fig.  346.  Fig.  347. 


Fig.  346  represents  a  brick  chamber  for  a  main  junction,  and 
Fig.  347  a  chamber  for  use  as  a  drawing-in  box  or  for  straight- 
through  joints. 

The  ends  of  the  pipes  or  ducts  should  be  fitted  with  wooden 
bushes  to  prevent  the  circulation  of  air,  and  the  ends  of  the  iron 
pipes  should  be  connected  across  the  brick  chamber  by  a  metal 
connection  of  electrical  conductance  equal  to  that  of  the  pipe. 

Fig.  348  is  a  sectional  plan  and  elevation,  showing  the  general 
construction  and  internal  arrangements  of  a  brick  chamber  de- 
signed as  a  house  service  box.  The  chamber  projects  above  the 
ground  level,  and  the  front  is  fitted  with  a  cast-iron  frame  and 
hinged  door  for  access.  In  the  figure  are  shown  stoneware 
pipes  through  which  a  triple  concentric  cable  is  brought  up 
from  a  solid  system  conduit,  entering  a  junction-box  from  which 
separate  cables  are  carried  to  plugs  on  three  enamelled  slate 


Fig.  348. 

slabs  secured  to  teak  bearers  bolted  to  fixing -blocks.  Fuses 
are  connected  to  the  three  plugs,  and  above  these  are  other  plugs 
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for  the  connection  of  two  two-wire  house  circuits  which  enter 
stoneware  pipes  passing  through  the  wall  of  the  building. 

Fig.  349  shows  the  details  of  a  cast  iron  junction-box  for  the 
connection  of  two- wire  house  circuits  with  the  outer  and  inner 


Fig.  349. 


conductors  of  a  triple-concentric  main.  In  this  case  the  house 
cable  is  of  the  concentric  type.  The  "  inner  "  is  here  the  outer- 
most of  the  three  conductors  of  the  triple  concentric  cable.  The 
term  "  inner  "  merely  applies  to  the  theoretical  position  of  the 
middle  conductor  in  the  three-wire  system  (see  Fig.  336).  A 
junction-box  of  this  kind  can  be  used  without  a  brick  chamber 
if  desired. 


296  NOTES  ON  BUILDING  CONSTRUCTION. 


Fig.  350  illustrates  a  trifurcating-box  used  for  connecting 
three  separate  cables  of  a  three-wire  system  with  one  triple- 
concentric  cable,  or  vice  versa. 


Fig.  350. 


Fig.  351  represents  a  junction-box  for  connecting  a  two-wire 
concentric  cable  to  two  single  cables,  or  vice  versa. 

Fig.  352  shows  a  straight-through  junction-box,  in  which  the 
two  ends  of  the  cable  are  joined  by  a  gun-metal  sleeve. 

Junction-boxes  for  all  the  purposes  incidental  to  cable  laying 
are  of  the  general  construction  here  indicated.  They  are  usually 
made  of  cast-iron,  with  lugs  or  flanges  through  which  screws  or 
bolts  are  used  to  secure  the  covers  or  to  connect  the  two  halves 
of  "  split  "  boxes. 

The  best  way  of  protecting  the  cable  joints  inside  the  boxes 
is  to  fill  the  latter  with  bitumen  through  a  pouring-hole.  When 
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Fig.  352. 


the  boxes  are  not  filled  in  this  way,  care  must  be  taken  to  pack 
all  the  joints  so  that  moisture  may  be  kept  out. 

Several  methods  of  leading  cables  into  the  boxes  are  adopted. 
For  lead-covered  cables,  brass  sleeves  can  be  fitted,  to  which  the 
lead  covering  is  connected  with  a  wiped  joint.  In  most  of  the 
boxes  illustrated  above,  the  cables  are  led  in  through  pockets 
which,  as  well  as  the  main  cavity,  are  filled  in  with  bitumen. 

Jointing. — In  straight -through  jointing,  various  methods  are 
available,  the  first  step  in  all  of  them  being  to  remove  the 
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covering  and  insulation  of  the  cable  for  a  sufficient  distance. 
The  first  two  of  the  following  methods  apply  to  the  case  of  a 
seven-strand  cable. 

1.  The  wires  are  unstranded  back  to  the  insulation.  The 
centre  wire  of  each  cable  end  is  cut  considerably  shorter  than 
the  other  wires,  which  are  then  wound  round  the  middle  wire  as 
far  as  it  extends,  leaving  six  loose  ends.  The  cable  ends  to  be 
joined  are  butted  together,  and  the  six  loose  wires  of  each  cable 
are  wound  round  the  newly  stranded  part  of  the  opposite  cable. 
The  strands  so  made  are  tightened  with  pliers,  and  solder  is 
sweated  through  the  joint. 

2.  This  also  applies  to  a  seven-strand  cable.  After  being 
unstranded,  the  wires  are  cleaned,  re-wound,  and  sweated  together. 
The  sweated  cable  ends  are  then  scarfed,  soldered  together,  bound 
with  thin  copper  wire,  and  solder  is  sweated  through  the  joint. 

Joints  in  larger  cables  can  be  made  by  a  combination  of  the 
two  foregoing  methods,  as  described  below. 

3.  After  unwinding  the  cable  end,  seven,  nineteen  or  more  of 
the  inner  wires  are  cut  short,  and  soldered  together  to  form  a 
central  core.  The  cable  ends  are  then  butted,  and  the  outer  wires 
are  laid  up  round  the  cores,  as  they  were  round  the  centre  wires 
in  method  1. 

4.  Instead  of  butting  the  ends  of  the  central  core,  as  in  3, 
they  can  be  scarfed  and  soldered  together,  the  outer  wires  being 
coiled  round  the  cores,  as  before  explained. 

5.  A  central  strand  is  formed,  as  before,  of  several  wires 
soldered  together  and  butted.  Alternate  wires  of  each  cable 
end  are  cut  short,  so  that,  after  re-winding,  a  long  wire  at  either 
end  is  jointed  to  a  short  wire  at  the  other  end.  After  soldering 
the  wires,  they  are  bound  with  fine  copper  wire  and  finally 
soldered. 

6.  The  "telescopic"  joint  for  the  larger  sized  cables  is  formed 
by  cutting  back  the  outer  wires  of  one  cable  end  to  form  a  spigot, 
and  the  inner  wires  of  the  other  cable  end  to  form  a  socket. 
After  fitting  the  two  parts  together  the  joint  is  finished  with 
binding  wire  and  solder. 

7.  The  ends  of  the  copper  are  cut  off  square,  and  the  wires 
sweated  together.  The  ends  are  butted  and  soldered  together ;  a 
piece  of  tinned  copper  sheet  is  then  wrapped  round  the  joint  and 
the  whole  is  well  soldered.  An  opening  is  left  in  the  copper 
sheet,  through  which  solder  can  flow  so  that  the  joint  may  be 
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thoroughly  well  filled.  Sometimes  a  gun-metal  sleeve  is  used,  as 
in  Fig.  352,  instead  of  the  sheet  copper. 

When  a  fibrous  cable  has  to  be  joined  to  a  waterproof  cable, 
clamps  and  copper  strip  connections  are 
used,  as  in  Fig.  353,  and  a  junction-box 
becomes  necessary. 

In  attaching  branch  conductors  to 
main  cables,  the  T -joint  may  be 
adopted  for  small  sizes.  A  large  single- 
wire  is  bent  to  L- shape  at  the.  end, 
bound  to  the  main  with  copper  wire,  and  the  joint  is  finished  by 
soldering.  Stranded  cables  are  similarly  treated,  but  the  main 
cable  is  notched  before  binding  and  soldering  the  joint. 

The  Y-joint  is  better  than  the  T -joint  for  large  cables,  as  it 
avoids  sharp  bends.  It  is  made  like  the  T-joint  except  that  the 
end  of  the  branch  conductor  is  bent  through  an  angle  of  only 
30  degrees.    Figs.  354  and  355  show  two  forms  of  end-pieces 


Fig.  353. 
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for  connecting  cables  to  any  apparatus.  These  are  intended 
to  exclude  moisture  and  to  avoid  risk  of  leakages. 

Concentric  Joints. — The  outer  conductor  must  be  unstranded 
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and  the  wires  bent  back  out  of  the  way.  The  inner  conductor  is 
jointed  in  the  usual  manner  and  insulated.  A  sheet  of  tinned 
copper  is  then  wrapped  round  the  middle  of  the  joint,  the  outer 
wires  are  laid  over  the  copper  and  bound  with  copper  wire,  the 
joint  is  sweated,  and  the  outer  insulation  and  covering  are  made 
good.  Care  must  be  taken  that  the  melted  solder  does  not  come 
in  contact  with  the  insulation. 

Triple  concentric  joints  are  made  in  a  similar  way. 

Practical  Hints  on  Jointing. —  Always  keep  the  joint  and  the 
cable  ends  perfectly  dry.  Use  a  tent  or  tarpaulin  for  outdoor 
work  in  showery  weather. 

When  a  joint  is  once  started,  never  leave  it  until  quite 
finished. 

To  remove  the  lead  covering  from  a  cable  end,  cut  round  the 
metal  at  the  required  place,  but  do  not  cut  it  right  through. 
Heat  the  cable  end  with  a  spirit-lamp,  and  bend  it  to  and  fro 
until  the  lead  parts  at  the  cut.  When  the  lead  is  hot  enough 
it  can  be  pulled  off  quite  easily.  If  a  longitudinal  cut  should 
be  necessary,  take  care  not  to  damage  the  insulation  beneath 
the  lead. 

Before  jointing  a  lead-covered  cable,  cut  a  piece  of  pure  lead 
pipe  to  form  a  sleeve  about  3  ins.  longer  than  the  proposed  joint, 
and  large  enough  to  slide  over  the  lead  covering.  Dry  the 
sleeve  with  a  spirit-lamp,  and  slip  it  over  the  cable  end  after 
stripping  off  any  outer  tape  or  armouring,  wrap  up  the  ends  of 
the  sleeve  with  tape  to  keep  moisture  out,  and  join  the  cable 
ends  in  the  usual  manner.  When  the  joint  has  been  finished 
and  insulated,  draw  the  lead  sleeve  over  it  and  solder  up  the 
two  ends. 

The  solder  used  must  not  contain  more  than  two  parts  of  lead 
to  one  part  of  tin  by  weight,  and  in  soldering  the  joints  of  cables 
nothing  but  resin  or  specially  prepared  soldering  fluid  should  be 
used  as  a  flux. 

Insulating. — Before  commencing  to  insulate  any  joint,  smooth 
off  all  rough  points  of  solder,  remove  burnt  resin  with  benzoline, 
and  see  that  the  joint  is  quite  clean. 

Pure  rubber  insulation  is  made  good  after  jointing  by  winding 
on  pure  rubber  strip,  stretching  the  strip  as  much  as  possible 
without  breaking  it,  until  the  joint  is  a  little  thicker  than  the 
original  cable.  Stick  down  the  ends  of  the  strip  with  rubber 
solution,  and  cover  the  insulation  with  the  same  material.  After 
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this  covering  coat  has  become  "tacky,"  wind  it  round  with  rubber- 
covered  tape  and  finish  with  shellac  varnish. 

Vulcanised  rubber  insulation  can  only  be  restored  by  the  aid 
of  a  special  vulcanising  apparatus,  called  a  "  vulcanising  cure." 
Most  of  the  leading  cable  makers  sell  apparatus  of  this  kind, 
accompanied  with  full  directions  for  use. 

Paper  and  fibre  insulations  are  made  good  by  white  selvedge 
tape,  boiled  in  resin  oil.  The  tape  is  tightly  lapped  round  the 
conductor,  and  the  whole  joint  is  immersed  in  a  bath  of  hot 
resin  oil.  If  this  cannot  be  done,  the  resin  bath  is  placed  under 
the  joint,  and  the  hot  oil  is  ladled  over  it  until  bubbles  cease  to 
be  perceptible 

HOUSE-SEEVICE  MAINS  AND  BRANCHES. 

Whether  the  supply  of  current  be  derived  from  a  public  source 
or  from  a  private  generating  plant,  the  arrangement  of  the  house 
cables  will  be  practically  the  same. 

If  several  buildings  have  to  be  supplied  from  underground 
distributing  mains,  the  house-service  box,  of  which  one  type  was 
illustrated  in  Fig.  348,  affords  the  best  means  of  connection. 

If  only  one  building  has  to  be  supplied,  house  cables  can  be 
run  straight  in  from  the  street  mains,  or  from  the  private 
generating  station. 

In  either  case  the  house  cables  must  be  protected  by  a  main 
fuse,  beyond  which  they  should  be  led  to  a  double-pole  main 
switch  and  fuse,  and  then  to  one  or  more  distribution  boards, 
according  to  the  nature  of  the  system  adopted. 

When  the  current  is  obtained  from  a  public  source,  the  main 
fuse  and  the  necessary  length  of  cable  are  provided  and  connected 
up  to  the  meter  by  the  supply  company  or  authority,  by  whom 
the  meter  is  usually  provided  and  fixed.  All  fittings  and  con- 
nections beyond  the  meter  are  provided  by  the  consumer. 

The  main  switch  should  be  fixed  as  close  as  possible  to  the 
meter,  and  it  is  important  that  a  fuse  should  be  placed  on  each 
pole  beyond  the  switch,  as  the  fuses  provided  by  public  corpora- 
tions are  usually  very  large  and  therefore  not  likely  to  "  blow  " 
except  in  extreme  cases. 

General  Arrangement  of  Circuits. — A  simple  method  of 
arranging  the  mains  is  to  carry  a  two-wire  circuit  to  various 
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parts  of  the  building,  taking  short  branches  to  small  distribution 
boards  for  the  control  of  the  branch  circuits,  as  in  Fig.  356. 
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A  better  method  is  to  run  each  branch  circuit  from  a  main 
distribution  board.  Except  in  very  small  buildings,  unnecessary 
expenditure  would  be  incurred  by  running  all  the  circuits  directly 
from  one  distribution  board,  and  in  such  cases  the  method  shown 
in  Fig.  357  should  be  adopted.  This  arrangement  has  the 
advantage  that  every  circuit  and  sub-circuit  can  be  controlled  or 
tested  independently  of  the  others. 

When  current  is  brought  into  the  building  from  a  public 

supply  station  on  the  three- 
wire  system,  the  house  leads 
can  be  taken  to  a  main  dis- 
tribution board,  as  in  Fig.  358, 
from  which  two -wire  circuits 
can  be  carried  to  sub-distribu- 
tion boards.  If  the  three-wire 
system  is  adopted  in  a  private 
generating  station  for  the 
supply  of  several  buildings,  the 
best  plan  is  to  take  off  two- 
wire  circuits  at  house -service 
boxes,  as  shown  in  Fig.  348. 
These  circuits  can  be  dealt 
with  by  one  or  more  distribution  boards  in  the  ordinary  manner. 

Incandescent  Lartif  Circuits. — For  incandescent  lighting,  lamps 
are  generally  arranged  in  circuits  of  eight  1 6  candle-power  lamps 
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(  =  about  5  amperes),  connected  through  double -pole  fuses  to 
the  distribution  board  or  boards.  Each  lamp  is  usually  controlled 
by  a  single-pole  switch,  but  it  is  sometimes  convenient  to  arrange 
lamps  in  a  group  under  the  control  of  one  switch. 

A  very  useful  arrangement  for  lamps  in  bedrooms,  corridors, 
and  staircases  is  shown 
in  Fig.  359.  The 
lamps  here  shown  are 
controlled  by  either  of 
the  switches,  which 
must  be  of  the  two- 
way  type,  designed  so 
that  contact  is  always 
made  on  one  side  or  - 
the  other.    One  lamp  can,  of  course,  be  treated  in  the  same  way. 

The  system  may  be  further  extended  so  that  in  a  long  corridor 
the  lamps  may  be  controlled  from  either  end  or  from  any  inter- 
mediate point,  or  that  in  a  house  of  several  floors  the  staircase 
lamps  may  be  turned  on  or  off  from  any  floor. 

Fig.  360  shows  the  arrangement  of  one  Lundberg  "inter- 


Fig.  359. 


Fig.  360. 

mediate"  switch  and  two  two-way  switches  for  obtaining  these 
results,  and  Fig.  361  shows  a  further  extension  of  the  system 
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in  which  a  "  master  "  switch  is  inserted  between  the  two  +  wires 
for  preventing  such  control  when  desired. 

Fig.  362  shows  a  further  modification,  where  the  substitution 
of  a  three-way  switch  at  one  end  makes  it  possible  to  cut  out  of 


J 
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Fig.  362. 

circuit  all  other  switches  at  times  when  it  is  undesirable  any 
lamps  should  be  turned  off  at  separate  points. 

If  two  incandescent  lamps  are  supplied  in  series  by  one  wire, 
the  effect  is  the  diminution  of  light  to  a  mere  glow  of  the 
filament.    Such  an  effect  can  be  intentionally  produced  by  the 

  Lundberg  "  dimming  switch,"  as  shown  in 

'  Fig.  363.  The  switch  is  designed  so  that 
the  two  lamps  can  be  placed  in  'parallel 
or  in  series,  or  extinguished  entirely,  by 
turning  the  key  to  points  indicated  on  the 
cover.  The  arrangement  is  very  useful 
for  bedrooms,  corridors,  and  other  places 
where  a  glimmer  of  light  is  desired  during 
the  evening  or  throughout  the  night. 

Arc  Lam'p  Circuits.- — With  continuous 
current,  two  open  arc  lamps  can  be  connected 
in  series  across  a  100-110  volt  circuit,  or 
four  lamps  in  series  across  a  200-220  volt 
circuit.  On  a  400-440  volt  three-wire 
system,  four  lamps  can  be  fitted  in  series 
^ig-  263.  between  either  outer  wire  and  the  inner 

wire,  or  eight  lamps  in  series  between  the  two  outer  wires. 

With  alternating  current,  three  open  arc  lamps  can  be  placed 
in  series  across  the  conductors  of  a  100-110  volt  circuit,  and 
larger  numbers  in  proportion  to  the  voltage. 

With  continuous  current,  only  one  enclosed  arc  lamp  can  be 
connected  across  a  100-110  volt  circuit,  two  across  a  200-220 
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volt  circuit ;  two  between  either  outer  and  the  inner  of  a  400-440 
volt  three-wire,  or  four  across  the  two  outers. 

With 
currents  of 
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alternating 
100-110 
volts  and  200-220 
volts,  the  number  of 
enclosed  arc  lamps 
connected  in  series  is 
the  same  as  with  con- 
tinuous current. 

Figs.  364  and  365 
show  two  simple  arc 
lamp  circuits  for  con- 
tinuous and  alternat- 
ing current  respec- 
tively. 

Alternating  Current. — The  general  arrangement  of  conductors 
and  fuses  on  all  circuits  is  practically  the  same  for  alternating 

as  for  continuous  cur- 
rent ;  but  if  iron  con- 
duits be  employed, 
both  conductors  should 
be  placed  in  the  same 
pipe  to  avoid  induc- 
tion effects,  which 
cause  loss  of  voltage 
when  the  conductors 
are  in  separate  con- 
duits. 

Sizes   of  Conduc- 
tors  Required.  —  To 
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calculate  the  sizes  of  wires  required  in  any  building,  a  diagram 
should  be  made  showing  the  estimated  current  in  amperes  and  the 
total  length  of  conductors  in  each  circuit.  The  amount  of  current 
is  usually  calculated  on  the  basis  of  0'04  ampere  per  candle-power, 
but  sufficient  margin  should  be  allowed  for  the  addition  of  furthej- 
lamps.  The  size  of  conductor  in  each  part  of  the  system  can 
then  be  determined  for  any  specified  loss  of  potential  by  the  rule 
given  on  p.  287.  A  very  general  practice  is  to  select  wires  of 
size  sufficient  to  keep  down  the  loss  of  potential  in  a  building  to 
two  and  a  half  per  cent  per  100  yards  of  conductor.  Table  XVII. 
B.C. — II  X 
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will  be  found  useful  for  calculations  of  this  kind.  Column  2 
is  calculated  in  accordance  with  the  requirement  frequently 
made  that  the  current  density  shall  not  exceed  1,000  amperes 
per  square  inch,  but  even  this  density  must  be  reduced  on  occa- 
sion to  avoid  excessive  loss  of  potential. 

TABLE  XVII. — Wiring  Table  showing  Capacity  and  Resistance 
OP  Conductors. 

(Cajiacities  are  calculated  on  the  basis  of  1,000  amperes  per  sq.  in.,  witli 
a  corresponding  loss  of  2-5  volts  per  100  yds.  of  conduQtor.) 


standard  Resistance  at  600°  Fahr. 

Size  of 

Current 



in 

Amperes. 

Conductor. 

Ohms  per  1000 

Ohms  per 

Ohms  per  Kilo- 

Yards. 

Mile. 

metre. 

18 

1-8096 

13-28 

23  -38 

14-53 

16 

3-2170 

7  "478 

13-16 

8-178 

14 

5-0265 

4-784 

8-419 

5-232 

3/24 

1-127 

21  "33 

37  -55 

23  -33 

3/22 

1-825 

13-18 

23-19 

14-41 

3/20 

3-016 

7-972 

14-03 

8-718 

7/23 

3-135 

7-670 

13-50 

8-389 

7/22 

4-266 

5-636 

9-920 

6-164 

7/20 

7-052 

3-410 

6-001 

3-729 

7/19 
7/18 

8-708 

2-761 

4-860 

3-020 

12-54 

1-918 

3-375 

2-097 

7/17 

17-06 

1-410 

2-480 

1-541 

7/16 
7/15 

22-27 

1-080 

1-900 

1-181 

28-22 

•8523 

1-500 

-9321 

7/14 

34-83 

•6903 

1-215 

-7550 

19/18 

33-99 

•7074 

1-245 

-7736 

19/17 

46-27 

-5197 

•9147 

-5684 

19/16 
19/15 

60-39 

•3981 

•7007 

•4354 

76-50 

•3143 

•5532 

•3437 

19/14 

94-42 

•2547 

-4482 

•2785 

37/16 

117-6 

•2045 

-3599 

•2236 

37/15 

148-9 

-1615 

•2842 

-1766 

37/14 

183-8 

•1309 

-2303 

-1431 

37/13 

243-1 

•09892 

•1741 

•1082 

37/12 
61/15 

310-5 

•07744 

-1363 

•08469 

245-5 

•09795 

-1724 

•1071 

61/14 

302-9 

•07937 

-1397 

•08681 

61/13 

400-8 

•06000 

•1056 

•06562 

61/12 

512-0 

-04697 

-08266 

•05136 

Jointing  House  Cables  and  Wires. — Small  cables  are  jointed 
in  the  manner  described  on  pp.  297-299. 

To  the  directions  there  given  we  may  add  that  conductors 
consisting  of  a  single  wire  can  be  joined  simply  by  twisting  and 
soldering  the  ends.  Joints  cannot  be  altogether  avoided,  but 
the  number  should  be  minimised  as  far  as  possible  by  adopting 
the  "  loop  "  method  of  wiring  described  below. 
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Badly-made  joints  and  imperfect  making-good  of  the  insula- 
tion are  fruitful  sources  of  after  trouble,  and  no  part  of  a 
lighting  installation  deserves  more  rigorous  supervision  than 
the  jointing  of  conductors. 

Methods  of  Wiring. — Positive  wires  are  termed  leads  and 
negative  wires  returns.  The  correct  positions  for  horizontal 
wires  may  be  remembered  by  the  wireman's  rules : — 

"  Leads  left  "  and  "  Eeturns  right  "  for  floors  and  ceilings. 

"  Leads  low  "  and  "  Eeturns  raised  "  for  walls  and  partitions. 

Leads  are  generally  supplied  in  red  insulation  and  returns 
in  black  insulation.  This  is  of  much  assistance  in  wiring 
and  testing. 

Four  methods  of  wiring  lamp  circuits  for  ten  lights  are  shown 
in  the  following  diagrams. 
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Fig.  369. 


The  "Distribution  Board  System,"  Fig.  366,  involves  the  use 
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of  a  distinct  lead  and  return  for  each  lamp,  the  switches  being 
on  the  distribution  board. 

The  "Jointing  System,"  Fig.  367,  involves  separate  tappings 
for  all  conductors  leading  off  to  lamps  and  switches. 

The  "Loop  System,"  Fig.  368,  has  one  conductor  looped-in  to 
each  lamp,  and  the  other  to  the  live  terminal  of  each  switch, 
with  a  connecting  wire  between  the  other  terminal  of  the  switch 
and  the  lamp. 

The  "  Simplex  Loop  System,"  Fig.  369,  is  similar  to  the 
ordinary  loop  system,  but  instead  of  looping  back  the  main 
wire  to  the  switches,  a  single  length  of  smaller  wire  is  used 
for  this  connection. 

Concentric  Wiring. — There  are  several  systems  of  concentric 
wiring,  the  details  of  which  cannot  be  fully  considered  in  this 
chapter. 

In  these  systems  both  conductors  are  combined  in  one  cable, 
and  in  most  of  them  the  inner  conductor  only  is  insulated ;  the 
outer  conductor,  which  stands  at  very  little  above  the  earth 
potential,  forming  the  earthed  return  and  serving  to  protect 
the  inner  from  injury.  Sometimes  a  continuous  metal  tube  is 
employed  as  the  return,  and  the  lead,  consisting  of  an  ordinary 
insulated  conductor,  is  drawn  into  it.  This  method  saves 
one  wire. 

Switches  and  fuses  are  placed  on  the  insulated  conductor,  and 
as  all  these  fittings  must  be  of  the  single -pole  type,  further 
saving  is  effected.  In  fittings,  only  the  lead  is  carried  to 
the  holders,  the  return  being  provided  by  the  metal  of  the 
fitting,  or  by  copper -braided  cord.  The  lead  is  sufficiently 
insulated  and  protected  throughout,  and  no  shock  can  be  received 
from  the  return,  because  it  is  purposely  earthed  at  convenient 
points.  No  system  is  so  safe  as  this,  as  any  sparks  or  arcs  must 
take  place  inside  the  outer  conductor,  and  a  fuse  will  blow  if 
serious  leakage  should  occur. 

As  metallic  conduits  are  now  used  very  largely  for  wiring, 
there  is  no  reason  why  one  ordinary  wire  and  an  electrically 
continuous  tube  should  not  be  employed  instead  of  two  wires 
and  a  tubular  conduit  as  hitherto  adopted. 

The  system  can  be  applied  in  connection  with  any  private 
installation,  but  central  station  engineers  using  continuous 
current  will  not  allow  any  installation  earthed  on  one  pole  to  be 
connected  to  their  mains,  owing  to  the  risk  of  short  circuits. 
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The  same  objection  does  not  apply,  however,  in  the  case  of 
alternating  current. 

An  incidental  advantage  to  be  derived  from  concentric  wiring 
is  the  prevention  of  electrically  deposited  dust  on  braided  cords 
and  on  the  bulbs  of  lamps.  Braided  cords  not  only  collect  dust 
but  in  turn  project  it  against  surrounding  objects,  often  to  the 
ruin  of  valuable  wall  decorations  and  upholstery.  As  these 
results  are  due  to  the  action  of  the  positive  wire,  a  radical  cure 
is  effected  by  the  use  of  concentric  conductors  with  earthed 
returns  outside. 

Wood  Casing. — In  ordinary  house  wiring,  wood  casing  is  largely 
used  for  covering  the  conductors.  Little  protection  is  thereby 
afforded,  and  cases  often  occur  in  which  the  wires  are  injured 
by  unforeseen  moisture  of  the  walls,  or  by  nails  driven  through 
the  casing.  In  perfectly  dry  situations  where  there  is  no  risk 
of  moisture  or  dampness  of  any  kind,  and  where  carpenters  are 
not  likely  to  fix  woodwork  or  other  persons  to  drive  nails  for 
pictures,  casing  may  be  adopted  with  safety.  It  must  never  be 
buried  in  plaster  or  cement. 

Wood  casing  consists  of  two  parts :  a  strip  of  wood  with  two 
or  more  grooves  at  sufficient  distance 
for  the  isolation  of  leads  and  returns, 
and  plain  or  moulded  capping  for 
covering  the  grooves  after  the  con- 
ductors have  been  placed  in  position. 
American  white-wood  is  largely  used 
for  casings,  but  oak,  mahogany,  wal- 
nut, and  other  woods  are  sometimes 
employed.  Ornamental  casings  are 
made  in  great  variety,  so  that  wires 
may  be  covered  in  a  pleasing  manner. 
Fig.  370  is  a  section  showing  an 
unobtrusive  mode  of  running  wires 
to  wall  brackets  by  using  a  combined 
casing  and  picture  moulding. 

A  coat  of  shellac  varnish  inside  and  outside  helps  to  prevent 
the  absorption  of  moisture  by  the  casing,  which  should  also  be 
painted  inside  before  use.  It  is  very  desirable  to  employ 
carpenters  for  fixing  casing,  as  ordinary  wiremen  rarely  under- 
stand the  handling  of  carpenters'  tools  sufficiently  to  make  a 
neat  job,  or  the  plugging  of  walls  so  as  to  ensure  safety.  The 
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grooved  part  of  the  casing  is  fixed  in  position  first,  the  wires 
are  then  laid  in  place,  and  the  capping  is  screwed  on.  Nails 
must  never  be  used.  Casing  should  always  be  of  ample  size  to 
permit  the  wires  to  be  drawn  after  the  capping  is  fixed.  Table 
XVIII.  gives  details  of  casing  suitable  for  some  generally  used 
sizes  of  wire. 


TABLE  XVIII. — Size  of  Casing  for  various  Conductors. 


Conductors. 

Casing. 

S.W.G. 

Capacity  in  Am- 
peres at  1000  per 
Square  Inch. 

Size  of  eacli 
Groo^'e. 

Distance 
between 
Grooves. 

Width  over  all. 

20 
3/22 
3/20 
7/23 
7/22 

1-0179 

1-825 

3-016 

3-  135 

4-  266 

TTT  in- 
i  in, 

?  ? 

§  in. 
i  in. 

liin. 
liin. 

7/21i 
7/21 
7/20 
7/19 

4-  896 

5-  571 
•7-052 
8-708 

-fff  in. 

i  in. 

Uin. 

7/18 
7/17 

12-54 
17-06 

i  in. 

J  ) 

i  in. 

2i  in. 

7/16 
7/15 
7/U 
19/20 
19/19 
19/18 
19/17 

22-  27 
28-22 
34-83 
19-12 

23-  60 
33-99 
46-27 

1  in. 

1  in. 

2a  in. 

19/16 
19/15 

60-39 
76-50 

i  in. 

1  in. 

3  in. 

19/14 
19/13 

94-42 
124-9 

1  in. 

1*  in. 
>) 

3|  in. 

37/16 
37/15 
37/14 

117-6 
148-9 
183-8 

I  in. 

U  in. 

4  in. 

Unless  carrying  very  small  currents,  conductors  of  opposite 
polarity  should  never  be  placed  in  the  same  groove.  It  is 
generally  permissible,  however,  to  put  two  or  more  conductors 
of  the  same  polarity  in  one  large  groove.  This  is  termed 
"  bunching  "  the  conductors. 

Metal  Tiibe  Conduits. — Tubes  used  as  conduits  are  generally 
made  of  steel  strip  rolled  to  circular  or  oval  form.     When  no 
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longitudinal  joint  is  made  between  the  edges  of  the  steel,  the 
tubes  are  commercially  described  as  having  a  "close  joint." 
Tubes  of  better  quality  have  brazed  joints  and  are  made  of 
heavier  metal  to  afford  adequate  mechanical  protection  for  the 
conductors.  The  tubes  of  light  gauge  have  plain  ends  for 
socketed  fittings,  and  the  cylindrical  tubes  of  heavier  gauges 
are  supplied  with  either  plain  or  screwed  ends  for  corresponding 
fittings.  As  a  general  rule,  the  tubes  are  enamelled  inside  and 
outside,  but  they  are  also  supplied  galvanised  or  lined  with 
impervious  insulating  compound.  They  are  also  obtainable 
with  an  outer  casing  of  brass  for  use  in  offices  and  rooms  where 
it  is  desired  to  run  wires  from  desk  to  desk  or  along  the  walls. 
Such  tubes  may  take  the  place  of  picture  rods  if  properly 
supported. 

The  oval  form  of  tubular  conduit  is  convenient  for  switch 
and  other  runs  on  the  face  of  walls,  especially  when  buried 
in  plaster,  as  the  chasing  of  brickwork  is  avoided  in  most 
cases,  and  the  channeling  of  plaster  is  greatly  reduced  in 
depth. 

Solid-drawn  steel  tubes  are  also  used  for  wiring,  a  purpose  for 
which  they  are  in  every  way  suitable,  owing  to  their  smooth 
interior  finish.  Ordinary  gas  barrel  has  been  employed  to  some 
extent,  but  it  should  never  be  allowed,  as  its  rough  interior  finish 
renders  damage  to  the  wires  extremely  likely.  Welded  or  solid- 
drawn  tube  with  screwed  joints  is  always  best.  It  makes  a 
waterproof  and  watertight  conduit,  and  the  thickness  of  the  metal 
required  for  screw  cutting  ensures  adequate  mechanical  pro- 
tection. Further,  the  screwed  conduit  is  electrically  continuous, 
and  can  be  connected  to  "earth"  at  suitable  points  through 
water-pipes.  In  case  of  a  leak,  this  connection  prevents  the 
formation  of  an  arc  in  places  where  partial  contact  may  exist 
with  gas  or  water  pipes.  Earth  connections  must  never  be  made 
to  gas-pipes. 

Moisture  in  conduits  is  a  subject  requiring  the  most  serious 
consideration.  Moisture  percolates  through  walls  and  enters  as 
vapour  in  the  air.  Absorbed  moisture  comes  into  direct  contact 
with  conduits  embedded  in  mortar,  and  water  condensed  on  walls 
and  metallic  conduits  finds  its  way  to  joints,  and  thence  into 
the  conduits. 

Bearing  these  things  in  mind,  it  is  clear  that  open-seamed  and 
socket-jointed  tubes  should  never  be  buried  in  outside  walls. 
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Watertight  conduit  is  very  desirable  on  "  sweaty  "  walls,  under 
plaster  or  stone  flags,  and  in  draughty  places ;  and  conduit  with 
insulated  lining  is  always  advantageous,  as  it  is  less  affected  than 
bare  or  enamelled  tubing  by  changes  of  temperature. 

The  question  of  water  in  conduits  receives  too  little  attention 
from  electrical  fitters,  and  consumers  do  not  realise  the  fact  that 
presence  of  water  on  a  conductor  may  cause  a  fire.  Drip  pipes 
should  certainly  be  provided  for  conduits  much  as  they  are  for  a 
system  of  steam  pipes. 

The  following  table  gives  the  wiring  capacity  of  "  Simplex  " 
tubular  conduits  for  some  generally  used  sizes  of  conductors : — 


TABLE  XIX. — Wiring  Capacity  of  Simplex  Conduits. 

(The  numbers  refer  to  conductors  "threaded  "  through  the  tubes.    If  "drawn  " 
through,  one  size  larger  tube  must  be  taken  in  each  case.) 


Size  of 


Size  of  Conduits  and  No.  of  Conductors. 


L  =  Light  Conduit. 


H  =  Heavy  Conduit. 


Conductors. 

X 

f 

1" 

li" 

2" 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

18 

2 

1 

4 

3 

6 

3 

8 

5 

10 

7 

16 

2 

1 

3 

2 

4 

3 

7 

4 

8 

6 

12 

9 

3/22 

3 

1 

4 

3 

5 

3 

7 

5 

11 

7 

15 

10 

3/20 

2 

1 

4 

2 

5 

3 

7 

4 

10 

6 

13 

9 

3/18 

1 

1 

2 

1 

3 

2 

4 

3 

5 

4 

7 

6 

7/20 

1 

1 

2 

1 

3 

1 

4 

2 

6 

4 

9 

5 

15 

io 

7/18 

1 

1 

1 

1 

3 

2 

4 

3 

6 

4 

9 

7 

7/16 

1 

1 

1 

1 

1 

2 

2 

4 

3 

5 

3 

io 

8 

7/14 

1 

1 

1 

1 

2 

1 

4 

2 

8 

6 
6 

19/18 

1 

1 

1 

1 

2 

1 

4 

2 

8 

19/16 

1 

1 

1 

1 

3 

1 

4 

4 

19/14 

1 

1 

1 

1 

3 

2 

37/16 

1 

1 

1 

1 

Makers  of  tubular  conduit  supply  tube  fittings  of  every 
necessary  kind  for  the  complete  wiring  of  a  building,  and  such 
special  tools  as  may  be  required  in  connection  with  tubular 
methods  of  wiring.  As  the  different  varieties  of  fittings  and 
accessories  are  to  be  counted  by  hundreds,  it  would  be  impossible 
to  mention  them  in  detail.  Brief  reference  to  some  of  them  is 
made  incidentally  in  the  following  notes. 

As  far  as  possible  let  all  conduits  follow  a  straight  course, 
with  easy  pipe  bends.      Use  fittings  with  inspection  covers, 
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except  in  short  and  straight  runs,  and  insert  junction  boxes  or 
drawing-in  boxes  at  all  places  where  trouble  is  likely  to  be  ex- 
perienced in  drawing  the  wires  through.  In  places  where  future 
extensions  may  be  probable,  fit  junction  boxes  with  one  or  more 
plugged  outlets.  After  cutting  a  tube  be  careful  to  smooth  the 
edges. 

Tubes  up  to  |-  in.  diameter  can  be  bent  cold,  but  care  must 
be  taken  not  to  injure  the  enamel,  or  to  alter  the  shape  of  the 
tube.  Make  offsets  in  pipe  lines  of  more  than  |  ins.  diameter, 
by  using  suitable  fittings.  Always  take  care  that  socket  joints 
are  pushed  securely  home,  or  the  tubes  may  come  apart  when 
drawing  the  wires. 

Provide  steel  "  draw-in "  or  "  fish "  wires  in  all  conduits, 
and  see  that  it  will  not  be  necessary  to  draw  the  wire  through 
more  than  two  or  three  bends  without  having  access  to  a 
drawing-in  box. 

When  drawing  in  the 
wires,  always  use  a  detach- 
able drawing-in  piece  and 
sufficient  French  chalk. 

Wires  are  frequently 
"  threaded  "  simultaneously 
with  the  erection  of  the  con- 
duits. This  saves  much 
expense,  but  may  lead  to 
trouble.  Threading  is  only 
practicable  in  tubes  with 
slip  or  socket  joints,  as  the 
making  of  a  screwed  joint 
would  twist  the  wire  so 
much  that  the  time  occupied 
in  straightening  it  would 
counterbalance  any  saving. 
When  wires  are  threaded, 
careless  workmen  sometimes 
join  small  lengths  of  wire 
together  to  reach  through 
a  conduit,  and  otherwise  do 
their  work  so  that  the  wires  "^^^^ 
cannot  be  withdrawn  in  case  of  a  breakdown. 

It  is  permissible  to  place  the  positive  and  negative  con- 
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ductors  in  the  same  tube,  although  this  may  not  be  done  with 
wood  casing. 

Fig.  371  illustrates  the  Douglas  patent  three-contact  ceiling 
rose,  for  use  in  connection  with  the  Simplex  method  of  loop 
wiring. 

At  any  joint  where  a  pendant  is  to  be  supplied  from  a  conduit 
in  which  there  are  several  wires,  a 
special  pendant -fitting  box  should  be 
used,  so  designed  that  straight-through 
wires  may  pass  through  a  porcelain 
bridge,  Fig.  372,  while  the  wires  serving 
the  point  are  led  outside  the  bridge 
and  connected  to  the  contacts  shown  in  the  figure.  In  this  way 
the  braiding  of  other  wires  is  kept  away  from  live  contacts. 


ELECTKICAL  ACCESSOEIES. 

The  following  notes  are  intentionally  brief,  as  instruments  and 
fittings  coming  under  this  head  are  so  numerous  that  no  attempt 
at  detailed  description  could  be  satisfactory  in  a  chapter  such  as 
the  present.  Fully  illustrated  catalogues  can  be  obtained  from 
which  auitable  selections  can  easily  be  made. 

Fuses  or  "Cut-Outs." — Fuses  may  be  of  copper,  lead,  or  tin, 
but  alloys  of  tin  and  lead  are  generally  ased.    Fuse  wires  are 
fixed  so  as  to  form  part  of  the  conductors  in  a  circuit, 
and  their  sectional  area  should  be  such  that  the  metal  ZDY] 
will  melt,  if  the  current  raises  the  temperature  of  the 
conductor  by  18  degrees  Fahr.,  or  when  50  per  cent 
more  than  the  calculated  current  is  passing  along  the 
conductors.    The  fuse  has  then  "  blown,"  and  the  circuit 
is  "cut  out."    Fig,  373  shows  a  largely  used  form  of 
fuse  wire. 

A  double-pole  fuse  must  be  fixed  at  every  point  where 
any  conductor  is  connected  with  another  conductor  of 
larger  size,  and  if  the  pressure  exceeds  125  volts  two  single-pole 
fuses  must  be  provided.  In  modern  practice  the  fuses  are  grouped 
together  as  far  as  possible  on  boards,  fixed  in  convenient  positions 
where  they  can  be  examined  and  repaired.  The  distribution  boards 
previously  mentioned  are  really  fuse  boards  with  the  addition  of 
switches.    It  is  not  easy  to  determine  the  area  of  a  fuse  plate  or 


ELECTRIC  AND  GAS  LIGHTING. 


315 


wire  by  calculation,  as  results  are  affected  by  temperature,  length 
of  conductor,  size  of  fuse  terminals,  and  contact  surface. 

Makers  supply  fuses  suitable  for  currents  from  5  to  100 
amperes,  and  as  the  melting 
currents  are  determined  experi- 
mentally before  the  fuses  are 
delivered,  reliance  may  generally 
be  placed  on  the  efficiency  of  the 
fuses  within  reasonable  limits. 

rig.  374  shows  two  single- 
pole  main  fuses,  for  circuits  up 
to  250  volts,  each  fuse  being 
enclosed  in  a  cast-iron  case  and 
mounted  on  a  teak  base  with 
insulated  fixing  holes.  One  of 
the  hinged  covers  is  removed  to 
show  the  internal  arrangement. 


Fig.  374. 


Fuse  Boards  and  Distribution  Boards. — A  typical  fuse  board 
is  illustrated  in  Fig.  375.  This  comprises  two  enamelled  slate 
slabs,  on  each  of  which  is  fixed  an  omnibus  har,  often  called  a 
lus  har,  each  having  a  terminal  at  the  side  for  the  main  cable. 
Four  pairs  of  terminals  with  milled  screw  heads  are  provided 
for  the  attachment  of  fuse  wires  or  fuses,  as  Fig.  373.  The 
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Fig.  376. 


slate  slabs  are  separated  by  an  insulating  fillet  to  prevent  leakage 
through  the  slate  from  one  pole  to  the  other.  The  board  is 
enclosed  in  a  teak  case  with  glass  door,  lock,  and  key. 
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Instead  of  milled-head  fuse  terminals,  fibre  or  china  spring- 
clip  fuse-holders  can  be  fitted,  and  the  boards  are  made  up  to 
suit  any  required  number  of  circuits. 

A  typical  distribution  board  is  illustrated  in  Fig.  376.  It 
will  be  seen  that  this  is  similar  to  a  fuse  board,  with  the  addition 
of  switches  controlling  the  four  circuits.  This  board  can  be 
provided  with  milled-head  or  spring-clip  terminals,  as  desired. 

Fuse  boards  and  distribution  boards  are  also  made  in  iron 
cases  with  pipe  outlets  for  the  connection  of  iron  conduits  for 
cables  and  wires. 

Switches.— A  double -pole  house -service  main  switch  with 


Fig.  377 

fuse  terminals  is  illustrated  in  Fig.  377.  This  is  of  the  G-.E.C. 
type,  and  is  suitable  for  circuits  up  to  250  volts. 


A  =  Contact  arm. 

B  =  Actuating  knob. 

C  =  Slot  giving  variable  leverage. 

D  =  Fixed  pin  on  which  A  rocks. 

E  =  Movable  pin  connecting  A  and  B. 

F  =  Fixed  pin  on  which  B  rocks. 

The  broken  outlines  represent  the  "off" 
position. 


Fig.  378. 

Switches  for  controlling  single  lamps  or  small  groups  of  lamps 
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are  generally  of  the  single-pole  type.  Such  switches  are  made 
in  great  variety,  and  no  difficulty  should  be  experienced  in 
complying  with  any  requirements.  "Whatever  type  of  switch  be 
used,  it  is  always  necessary  that  it  should  be  large  enough  to 
carry  the  current  required  without  overheating.  For  200  volt 
circuits  the  switch  contacts  should  be  separated  by  a  china  wall 
to  prevent  sparking,  the  break  should  be  both  quick  and  long, 
and  the  cover  should  be  of  china.  Fig.  378  shows  the  mechanism 
of  the  "  Pivot "  tumbler  switch,  with  a  capacity  of  5  amperes 
at  200  volts. 

Special  watertight  switches  should  always  be  employed  for 
damp  or  wet  positions.  These  are  made  with  cast-iron  cases, 
having  securely  jointed  covers  and  brass  glands  for  the  leading- 
in  wires. 

Various  forms  of  switches  for  special  purposes  are  also  made, 
some  of  which  have  been  mentioned  under  the  head  of  Incan- 
descent Lamp  Circuits. 

Ceiling  Roses— Wall  Plugs— Floor  Plugs. — Ceiling  roses  are 
used  for  the  purpose  of  connecting  the  flexible  cords  of  fittings 
with  the  conductors.  They  are  generally  made  with  china  bases 
and  covers,  and  are  supplied  suitably  for  either  the  jointing  or 
the  looping  system  of  wiring. 

Wall  and  floor  sockets  and  plugs  are  very  convenient  for  the 
attachment  of  portable  lamps,  and  are  provided  in  numerous 
patterns,  suitable  for  connections  of  all  kinds  in  private  houses, 
public  buildings,  and  business  premises. 

Lampholders. — Lampholders  are  intended  for  the  establish- 
ment of  a  connection  between  the  conductors  and  the  lamps  in 
such  a  way  as  to  permit  the  lamp  to  be  fixed  or  removed  easily. 
Lampholders  must  be  chosen  of  patterns  suitable  for  the  fittings 
to  be  used.  They  should  neither  be  so  large  as  to  spoil  the 
appearance  of  the  fittings,  nor  so  small  as  to  interfere  with  wiring. 
When  used  for  pendants,  good  cord  grips  are  essential,  so  that 
no  weight  may  be  carried  by  the  terminals.  Lampholders  are 
made  in  many  different  patterns  suitable  for  direct  attachment 
to  walls,  ceilings,  and  electroliers.  As  nearly  all  incandescent 
lamps  have  bayonet  ends,  the  holders  are  usually  provided  with 
bayonet  sockets,  but  other  patterns  are  obtainable  for  special 
forms  of  lamp. 

Pendants  and  Brackets. — Electric-light  fittings  are  generally 
wired  by  the  makers,  but  this  work  is  not  always  done  so  well 
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as  it  should  be.  If  brackets  are  wired  on  the  site  of  the  works, 
the  wires  should  be  taken  right  through  to  the  lampholders 
without  jointing. 

When  gas-fittings  have  been  adapted  for  electric  light,  they 
must  be  properly  insulated  from  the  supply  pipes.  Fittings 
intended  for  both  gas  and  electric  light  should  never  be  used. 

All  electric  light  fittings  must  be  carefully  insulated. 

Wood  Blocks. — Wood  blocks  are  invariably  used  for  the  fixing 
and  insulation  of  wall -brackets,  electroliers,  ceiling  roses,  wall 
connections,  and  switches.  These  are  supplied  of  round  or  square 
shape  in  the  following  stock  sizes: — 2\  in.,  3  in.,  3^  in.,  4  in., 
and  5  in.  diameter  or  side  of  square.  Fig.  379  shows  the  usual 
recesses  for  circular  blocks.  Eectangular  blocks  are  sometimes 
convenient  for  the  fixing  of  two  or  more  switches,  as  in  Fig.  380. 


Fig.  380. 


In  some  walls  it  is  a  good  plan  to  build-in  hardwood  bricks, 
to  provide  adequate  fixing  for  heavy  brackets  or  other  fittings. 

Meters. — Meters  are  usually  provided  and  kept  in  order  by. 
supply  corporations,  and  it  is  not  necessary  to  give  particulars  of 
the  various  types  manufactured. 

The  following  is  an  extract  from  the  rules  of  the  London 
County  Council  as  to  the  testing  of  electricity  meters. 

Fees  for  Testing  Single  Meters  of  any  Description. 

0-50  amperes  capacity  £0    10  0 

50^100  „   10  0 

100  -  200    1     5  0 

200  -  400    1    10  0 

The  above  fees  apply  to  meters  tested  at  the  Testing  Station 
of  the  Council — 42  Cranbourne  Street,  London,  W. 
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For  examining  in  position  after  fixing  and  certifying  if  found 
correct,  any  single  meter  (which  has  ah'eady  been  tested  for 
accuracy  at  the  Council's  Testing  Station)  within  a  radius  of 
three  miles  from  Cranbourne  Street,  2s.  6d. ;  Do.,  any  distance 
from  three  to  six  miles,  3s.  6d. 


Testing. — Cables  are  always  tested  by  the  makers  before 
delivery,  but  it  is  wise  to  make  a  further  test  before  laying 
them  in  underground  conduits. 

House  wiring  should  be  tested  for  continuity  during  progress 
of  the  work.  This  is  easily  performed  by  a  wireman's  testing 
set,  but  the  information  so  obtained  does  not  prove  that  the 
wires  are  free  from  injury  or  bad  joints. 

Three  tests  of  the  wiring  should  be  made  when  work  is  com- 
pleted, under  twice  the  working  pressure. 

1.  Wire  to  wire  insulation  test. 

2.  Insulation  resistance. 

3.  Drop  of  potential. 

Of  these,  the  two  first  tests  are  conducted  before  the  wiring 
system  is  connected  up  to  the  service  mains. 

The  first  test  is  made  with  the  switches  and  fuses  on,  the 
lamps  are  removed  from  the  holders,  and  the  testing  apparatus 
is  connected  between  the  two  poles  of  the  installation. 

The  second  test  is  made  with  all  lamps  in  position,  and  the 
testing  apparatus  is  connected  between  any  convenient  point  of 
the  installation  and  "  earth,"  the  insulation  resistance  generally 
adopted  being  75  lamps  =  1  megohm.  Evershed's  ohmmeter 
and  the  Silvertown  testing  set  are  largely  used  for  insulation  tests. 

The  third  test  is  made  after  the  system  has  been  connected 
with  the  source  of  supply,  and  is  performed  .by  connecting  a 
voltmeter  between  the  house  terminals,  and  then  in  succession 
between  the  terminals  of  the  most  distant  lamp  connection  in 
eacli  circuit. 

Cost  of  Wiring. — The  cost  of  wiring  a  building  depends  very 
much  upon  tlie  locality,  upon  its  distance  from  the  workshop  of 
the  contractor,  and  upon  other  circumstances  which  necessarily 
vary  from  case  to  case. 

In  a  general  way,  the  actual  cost  to  the  contractor  of  wiring 
per  "  point "  in  an  ordinary  dwelling-house  of  average  size,  if  the 
best  materials  are  used,  is  not  less  than  the  following,  with  wood 
casing  and  metal  conduit  respectively : — 


320 


NOTES  ON  BUILDING  CONSTRUCTION. 


Cable,  wire,  and  flexible  cord 
Metal  conduit  and  fittings 
Wood  casing  . 
Switches  .... 
Ceiling  roses 
Lampholders  . 
Wood  blocks  and  sundries 
Labour  and  incidentals  . 


£0    5  6 


A 


B 

£0  5  6 
0    8  0 


0  16 
0  1  6 
0  0  6 
0  0  6 
0  0  6 
0  10  0 


0  1  6 

0  0  6 

0  0  6 

0  0  6 

0  7  6 


£10  0 


£14  0 


These  figures  are  exclusive  of  providing  and  fixing  main 
switch  and  fuse,  main  and  branch  distribution  boards,  fuse  boards, 
lamps,  lamp-shades,  electroliers,  and  brackets. 

In  addition  to  the  actual  cost,  the  contractor  has  to  provide 
for  supervision,  fares,  and  general  trading  expenses,  and  again  for 
profit.  Hence  it  will  be  seen  that  perfectly  reasonable  prices 
would  be  about  30  s.  per  point  for  class  A,  and  35  s.  per  point 
for  class  B. 

For  country  work,  the  price  per  point  would  be  higher,  owing 
to  the  cost  of  freight  and  travelling  expenses,  and  to  the  fact  that 
"  country  money  "  is  expected  by  men  working  away  from  home. 

From  the  foregoing  figures  it  must  be  clear  that  offers  such  as 
are  sometimes  made  to  carry  out  wiring  at  rates  of  10s.  to  15s. 
per  point  should  be  closely  inquired  into  before  acceptance.  For 
the  purpose  of  ensuring  good  work  and  of  avoiding  misunder- 
standing, a  clearly  worded  specification  should  be  prepared,  and 
care  should  be  taken  to  stipulate  exactly  what  materials  and 
fittings  are  to  be  included  in  estimated  items.  The  specification 
should  also  define  the  quality  of  materials,  and  say  whether  or 
not  the  contractor  is  to  provide  for  cutting  away  and  making 
good,  painting,  varnishing,  and  decorative  work,  taking  up 
fioor-boards  and  carpets,  shifting  furniture,  removing  gas-fittings, 
and  plugging  off  gas-pipes. 

The  contractor  should  further  be  required  to  satisfy  the 
requirements  of  the  insurance  company,  to  complete  the  work  to 
the  entire  satisfaction  of  the  architect  or  his  consulting  engineer, 
and  to  maintain  the  installation  for  a  period  of  twelve  months 
after  completion. 

Wiring  Rules. — The  various  sets  of  wiring  rules  and  regu- 
lations issued  by  insurance  companies  and  electricity  supply 
authorities  are  so  numerous  that  they  cannot  be  mentioned  in 
detail.  Standardisation  of  wiring  regulations  is  much  to  be 
desired,  and  it  is  to  be  hoped  that  the  rules  prepared  by  the 
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Institution  of  Electrical  Engineers  will  ultimately  be  accepted  by 
the  companies  and  authorities  concerned. 

The  rules  of  the  Institution  of  Electrical  Engineers,  as  revised 
in  1903,  are  printed  in  Appendix  II.,  p.  376. 

ELECTEIC  BELLS,  SIGNALS,  AND  TELEPHONES. 

Batteries  and  Conductors. — Either  LeclancM  cells  or  dry  cells 
are  used  for  the  batteries  of  bell,  signal,  and  telephone  circuits. 
Full  directions  for  the  use  of  the  various  forms  of  Leclanch^  and 
dry  cells  are  furnished  by  the  respective  makers  and  need  not  be 
given  here.  The  E.M.F.  of  all  primary  batteries  may  be  taken  at 
the  average  of  1"5  volts. 

The  number  and  size  of  the  cells  required  for  bell  or  telephone 
installations  depend  on  the  duty  required.  For  ordinary  house 
systems  two  or  three  No.  2  size  cells  will  usually  be  sufficient. 
The  general  rules  to  be  remembered  are  that  the  size  of  the  cells 
must  be  proportionate  to  the  current  required,  and  the  number  of 
cells  must  be  proportionate  to  the  voltage  required.  So  far  as 
general  principles  are  concerned,  the  method  of  wiring  bell  and 
kindred  circuits  is  similar  to  that  adopted  in  electric  lighting, 
but  with  a  considerable  relaxation  of  attendant  precautions. 

Leclanch^-Barbier  Cells. — Fig.  381  is  a  section  of  the  Le- 
clanch^-Barbier  cell,  in  which  the  carbon  ag- 
glomerate is  in  the  form  of  a  cylinder,  composed 
of  plumbago  and  manganese  peroxide.  Eound 
the  top  of  the  cylinder  is  a  metal  collar,  and  a 
binding -screw  is  the  positive  terminal  of  the 
cell.  The  collar  supports  the  agglomerate  in 
the  glass  jar,  and  an  indiarubber  washer  makes 
a  tight  joint.  The  zinc  rod,  the  upper  end  of 
which  is  the  negative  terminal,  passes  through 
a  block  of  paraffined  wood,  closing  the  top  of 
the  agglomerate  cylinder,  and  the  bottom  of 
the  zinc  rod  is  insulated  with  a  piece  of  india- 
rubber  tube.  Small  holes  are  provided  in  the 
cylinder  to  facilitate  circulation  of  the  saline 
solution  between  the  inside  and  the  outside  of  the  cylinder. 

Burnley  or  E.C.C.  Dry  Cells. — Fig.  382  shows  the  E.C.C. 
dry  cell,  which  consists  of  a  carbon  rod  set  in  the  midst  of  a  paste 
composed  of  powdered  carbon  and  manganese  peroxide,  moistened 
B.C. — II  Y 
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with  a  solution  of  ammonium  and  zinc  chlorides.  The  outer  layer 
of  paste  consists  of  calcium  sulphate  and  flour  moistened  with  a 
solution  of  ammonium  and  zinc  chlorides. 
The  zinc  case  is  in  immediate  contact  with 
the  paste,  and  is  sealed  at  the  top  with 
bituminous  compound,  through  which  passes 
the  tube  permitting  the  escape  of  gas.  The 
cell  is  insulated  by  being  enclosed  in  a 
stout  millboard  case. 

Conductors. — For  outdoor  purposes  the 
following  classes  of  wire  are  available  : — 

Bare  copper,  ox  phosphor  bronze,  wire  carried 
on  insulators  fixed  on  buildings  or  posts. 

Vulcanised  rubber  wire  of  tinned  copper, 
insulated  with  pure  and  vulcanised  rubber, 
taped,  braided,  and  covered  with  preservative 
compound. 

Lead-covered  wire  of  tinned  copper,  insulated  with  pure  and 
vulcanised  rubber  and  rubber-coated  tape ;  the  whole  vulcanised 
together,  treated  with  preservative  compound,  and  lead-covered. 
This  type  is  intended  for  underground  work. 

For  indoor  use  the  following  are  the  chief  classes  of  wire  : — 

Paraffined  wire  of  copper,  double  cotton  covered  and  paraffined. 
This  is  only  suitable  for  dry  situations. 

Asphalt -insulated  wire  of  tinned  copper,  insulated  with 
asphaltic  compound  and  tarred  flax  wrapping,  cotton  braided 
and  paraffined. 

Parchment -insulated  wire  of  copper,  insulated  with  patent 
parchment. 

Pure  rubber-insulated  wire — (a)  of  tinned  copper,  pure  rubber 
insulation,  cotton  stranded  and  lapped,  and  paraffined ;  (&)  of 
tinned  copper,  one  coat  of  cotton,  one  lap  pure  rubber  covered 
with  felt  tape,  braided  and  coated  with  preservative  compound. 

Gutta-yercha-insulated  tvire  of  tinned  copper,  covered  with  pure 
gutta-percha  and  cotton  braiding.  This  is  expensive,  and  does 
not  wear  particularly  well. 

In  addition  to  the  above,  silk  and  cotton  covered  flexible  cords 
are  made  for  use  with  movable  or  suspension  pushes,  and  there 
are  different  kinds  of  parallel  and  twisted  twin  wires,  and  multiple 
cable  for  inside  and  outside  work. 

Bell,  telephone,  and  similar  wires  for  inside  woik  are  generally 
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of  No.  18  or  No.  20  gauge,  but  concealed  wires  ought  never  to  be 
smaller  than  No.  18  gauge. 

Conduits  and  Fittings. — For  underground  work,  lead-covered 
wires  may  be  laid  directly  in  the  ground,  but  it  is  better  to  run 
the  wires  in  an  iron  pipe  or  wooden  box  to  guard  against 
accidental  injury.  In  cases  where  bell  or  telephone  wires  are 
being  laid  simultaneously  with  electric  light  cables,  the  wires  can 
be  placed  in  the  stoneware  or  other  conduits  provided  for  the 
cables,  thus  affording  adequate  protection  without  additional  cost. 

In  the  basements  of  buildings  and  in  damp  situations,  twin 
lead-covered  or  insulated  wire  should  be  used,  and  drawn  into 
composition  pipes  or  steel-tube  conduits. 

For  the  outside  walls  of  buildings,  lead-covered  wire  may  be 
fixed  without  protection,  or  ordinary  wire  may  be  drawn  into 
tubular  conduits,  or  bare  wire  can  be  carried  on  insulators. 

In  new  buildings,  tubes  are  generally  provided  and  fixed  during 
the  erection  of  the  building.  Zinc  tubes  are  largely  employed  as 
conduits  in  this  way,  but  thin  steel  tubes  cost  little  more  and 
afford  much  better  protection  against  nails.  As  far  as  possible, 
outer  walls  should  be  avoided  for  bell  and  telephone  wires,  but 
when  they  must  be  used,  iron  or  steel  tubes  should  always  be 
employed.  When  wires  are  run  in  tubes  of  any  kind,  a  wrapping 
of  tape  will  be  found  useful  for  protecting  the  insulation  from 
injury  by  the  ends  of  the  tubes.  The  tubes  should  terminate  in 
wood  blocks  plastered  into  the  walls,  these  blocks  serving  for  the 
attachment  of  bell-pushes  or  other  connections. 

For  surface  work  in  dry  situations  paraffined  wires  may  be  used 
and  secured  by  tinned  staples.    Fig.  383  shows  an  improved 


Fig.  383. 


insulating  staple.  "When  several  wires  are  bunched,  wooden 
cleats  or  continuous  casing  must  be  employed. 

Wires  under  floor-boards  may  be  run  in  notches  cut  in  the 
joists  or  through  holes  bored  in  the  joists. 

When  a  connection  is  brought  into  a  building  from  bare 
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overhead  wires,  it  is  finished  on  an  insulator,  and  insulated 
leading- in  wires  are  carried  to  wall  terminals  mounted  on 
wooden  blocks. 

Fig.  384  shows  a  simple  form  of  lightning  arrester  for  use  in 
connection  with  bare  wires.  This  may  be  fixed 
on  the  wall  terminal  board,  whence  a  wire  is 
connected  to  earth,  or  it  can  be  fixed  on  an 
intermediate  wall  block.  In  the  figure  the 
°'  two  serrated  bars  are  separated  by  a  small 

air  gap,  the  line  is  connected  to  the  upper  bar,  and  the  earth 
wire  to  the  lower  bar.  The  lightning  effect  discharges  itself  to 
earth,  and  thus  the  instruments  on  the  line  are  protected 
against  excessive  potential. 


ELECTEIC  BELLS  AND  SIGNALS. 

Bells  and  Indicators. — An  ordinary  electric  bell,  Eig.  385,  is 
essentially  a  vibrating  contact-breaker  carrying  a  small  hammer 
on  its  spring,  the  hammer  striking  a  gong.  A  continuous  action 
vibratory  bell.  Fig.  386,  is  fitted  with  a  device  to  keep  the  bell 


Fig.  385.  Fig.  386.  Fig.  387. 


ringing  when  once  the  circuit  has  been  made.  The  circuit  is 
broken  by  pulling  down  the  lever  at  the  right-hand  side. 

A  single-stroke  bell,  Fig.  387,  is  simply  a  gong,  an  electro- 
magnet, and  an  armature  with  a  hammer  at  the  end  arranged  to 
strike  the  gong  when  the  armature  is  attracted  by  the  magnet. 

Gongs  of  different  shapes  and  tones,  wire  gongs,  buzzers,  and 
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trumpets,  are  frequently  applied  for  signalling  purposes  instead  of 
ordinary  bells.  Sets  of  two  or  more  bells,  each  of  different  tone 
and  mounted  on  one  board,  are 
sometimes  conA^enient  for  en- 
abling servants  or  attendants 
to  recognise  by  sound  the  room 
from  which  a  bell  has  been 
rung.  Slow  -  striking  bell- 
mouthed  gongs,  struck  every 
two  seconds,  give  a  pleasant 
change  from  the  ordinary 
action  and  sound.  Fig.  388 
illustrates  a  handsome  form  of 
bell  for  a  large  house.  Water- 
tight bells  with  cast-iron  cases 
will  be  found  useful  for  stables 
and  other  outbuildings. 

Indicators  are  necessary  when  bell-pushes  in  different  rooms  act 
upon  one  gong.  These  useful  accessories  are  made  in  numerous 
types  and  in  infinite  variety  to  suit  all  possible  requirements. 

Electric  Fire  Alarms. — In  every  dwelling-house  of  more  than 
average  size,  and  in  all  public  institutions,  office  buildings,  and 


Fig.  388. 


Fig.  b«y. 


Fig.  390. 


J 


Fig.  391. 


warehouses,  the  adoption  of  an  automatic  fire-alarm  system  is  a 
most  desirable  safeguard.    The  operation  of  a  fire-alarm  bell  is 
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effected  by  means  of  a  thermostat.  In  Fig.  389  the  thennostat 
consists  of  an  ordinary  mercurial  thermometer  with  a  platinum  wire 
fused  into  the  tube  so  that  the  rising  column  of  mercury  will 
make  contact  for  closing  the  circuit  at  any  required  temperature. 
In  Fig.  390  the  thermostat  is  operated  by  the  expansion  of  air  in 
a  sealed  chamber,  causing  one  side  to  bulge  upwards  until  contact 
is  made  with  the  set-screw  at  the  top  of  the  instrument.  This 
is  the  most  reliable  form,  as  all  contact  points  are  under  cover.  In 
Fig.  391  the  thermostat  operates  by  the  unequal  expansion  of 
two  metals  imder  the  influence  of  heat. 

It  is  only  necessary  that  the  thermostats  should  be  fixed  near 
the  ceilings  of  the  apartments  to  be  protected  and  connected  by 
suitable  circuits  to  an  alarm  bell  of  adequate  size,  fixed  in  a  place 
where  it  cannot  fail  to  be  heard.  The  temperature  at  which  an 
alarm  will  be  given  can  be  regulated  when  fixing  the  apparatus. 

Burglar  Alarms,  and  Door  Openers. — Various  patterns  of 
contacts  for  doors,  windows,  letter-boxes,  curtains,  and  blinds  are 
available,  so  that  an  electric  alarm  bell  may  be  rung  if  any  person 
should  attempt  to  gain  access  to  a  house.  Electric  door  openers 
are  very  useful  for  enabling  door,  garden,  lodge,  and  other  gates 
to  be  opened  from  a  distance.  These  devices  can  be  fitted  quite 
easily  on  a  bell  or  telephone  circuit,  or  separately,  as  desired. 

"Water-Level  Indicator. — This  appliance  consists  of  a  contact- 
box,  to  be  fitted  on  a  tank,  combined  with  a  float  and  counter- 
weight. The  level  of  water  is  shown  by  an  indicating  dial  fixed 
in  any  convenient  position  in  the  lower  part  of  the  building,  and 
if  desired  an  alarm  bell  can  be  rung  at "  full  "  and  "  empty."  For 
country  houses  or  other  buildings  where  storage  tanks  are  used 
this  is  a  very  useful  apparatus. 

Wiring. — The  following  diagrams  show  some  of  the  simplest 
modes  of  wiring  bells  and  indicators.    Fig.  392  is  an  ordinary 
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Fig.  392. 

single-bell  circuit,  and  Fig.  3  9  3  is  a  single-bell  circuit  with  earth 


ELECTRIC  BELLS  AND  SIGNALS. 


327 


return.  The  latter  possesses  no  advantages  for  inside  wiring,  but 
saves  one  outside  wire  in  communications  from  one  building  to 
another.  The  earth  connection  at  each  end  can  be  made  by  a 
soldered  joint  to  water  or  gas  pipes.  If  a  good  earth  cannot  be 
obtained  by  means  of  some  convenient  pipe,  it  is  better  to  use  a 
return  wire,  as  in  domestic  installations  this  is  generally  cheaper 


Fig.  396. 


than  earth-plates.  In  Fig.  394  four  pushes  are  shown  in  con- 
nection with  the  same  bell,  the  push  branches  being  jointed  to 
the  main  wires  of  the  circuit.  Fig.  395  shows  a  method  by  which 
two  bells  in  separate  rooms  may  be  rung  from  one  push  by  means 
of  a  two-way  switch.  By  using  a  multiple -way  s'.vitch,  any 
required  number  of  separate  bells  can  be  rung  from  one  point.  A 
simple  indicator  circuit  is  represented  in  Fig.  396.  Additional 
pushes  can  be  fitted  in  any  room  of  a  house  by  connecting  them 
in  parallel  with  the  pushes  already  fixed. 
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Fig.  397  shows  the  wiring  for  a  continuously  ringing  bell. 


Fig.  397. 

An  ordinary  burglar  alarm  circuit  is  shown  in  Fig.  398. 
When  contact  is  made  a  lever  on  the  bell  is  dropped,  placing  the 
bell  in  communication  with  the  battery  through  the  third  terminal, 
and  the  bell  continues  to  ring  until  put  out  of  action.  The  circuit 
can  be  cut  off  during  the  day  by  means  of  the  two-way  switch. 


Fis;.  398. 
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Fig.  399. 


A  more  efficacious  arrangement  is  that  in  Fig.  399,  where 
provision  is  made  for  insuring  the  ringing  of  the  bell  even 
if  the  wires  should  be  intentionally  cut  by  burglars.  In  this 
circuit,  the  cutting  of  any  wire  immediately  gives  an  alarm. 
Current  is  always  flowing  through  the  relay,  the  armature  of 
which  is  thereby  kept  away  from  the  contact  stud.  Directly 
an  alarm  is  given,  the  circuit  is  broken  and  contact  is  made  in 
the  relay,  thus  starting  the  bell.     For  this  circuit,  Type  S 
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Edison-Lalande  cells  are  required  on  the  alarm  side,  and  the 
relay  should  have  a  resistance  of  not  less  than  200  ohms. 

Fire  alarms  and  other  signals  are  wired  similarly  to  electric 
bells,  the  details  being  settled  to  suit  individual  requirements. 

TELEPHONES. 

Under  this  head  we  only  deal  with  types  of  instruments 
more  particularly  adapted  for  private  installations  in  dwelling- 
houses,  and  in  buildings  of  moderate  size.  Outline  sketches  of 
some  patterns  of  domestic  telephones  are  given  below,  together 
with  simple  diagrams  indicating  the  necessary  connections. 

Direct  Working  System. — Instruments  without  induction 
coils,  called  "  dow.estic"  or  direct  worhing  telephones,  will  be 
found  of  great  service  for  domestic  use,  as  they  can  be  applied 
to  electric -bell  circuits  with  very  little  trouble  and  expense. 


Fig.  400.  Fig.  401.  Fig.  403. 
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No  alteration  need  be  made  to  existing  bells,  wires,  and  batteries 
if  these  are  in  good  condition.  Telephones  of  this  type  can  be 
used  for  distances  not  exceeding  200  yards.  Fig.  400  shows  a 
hand  combination -telephone  with  push  suitable  for  rooms  or 
offices.  Fig.  401  illustrates  a  similar  instrument  fitted  to  a 
three-terminal  wall-box  with  bell  and  automatic  switch. 

Fig.  402  is  a  wood  block  with  hook  prepared  to  take  a 
telephone  as  illustrated  in  Fig.  400.  An  ordinary  bell-push 
can  be  fitted  to  this  block.  Fig.  403  shows  a  wall -pattern 
telephone  with  three -terminal  wall -box,  automatic  hook,  and 
bell-key. 

Fig.  404  contains  front  and  back  views  of  a  through-con- 
nection plug  board  designed  for  cutting  out  the  bell  and 
indicator  of  any  line  in  a  bell  and  telephone  system,  leaving 
the  indicator  and  bell  in  circuit  with  other  lines. 


Fig.  404. 


Fig.  405  is  a  diagram  of  the  connections  for  placing  four 
rooms  in  communication  with  a  "  central  station "  through  an 
ordinary  indicator.  This  diagram  shows  the  manner  in  which 
the  system  can  be  engrafted  upon  an  existing  electric -bell 
installation.  In  this  case  the  rooms  cannot  be  called  up  from 
the  central  station. 
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Fig.  405. 
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Fig.  406. 

Fig.  406  is  a  diagram  showing  the  appHcation  of  telephones 
and  a  through-connection  plug  board  (as  Fig.  404)  to  a  bell 
installation,  so  that  the  central  station  can  be  rung  up  from 
each  instrument  and  vice  versa. 

Fig.  407  is  a  diagram  of  the  connections  for  two  telephones 
communicating  in  either  direction,  a  battery  being  fixed  at  each 
instrument.  If  only  one  battery  be  used,  a  third  wire  must  be 
run  as  in  Fig.  408. 
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Fig.  408. 
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Reply  and  Call  System. — This  system  permits  calls  to  be 
made  from  a  central  station  to  any  number  of  sub-stations,  and 
from  any  sub-station  to  the  central  station,  without  the  necessity 
for  an  indicator  or  annunciator  switchboard.  Further,  by  the 
addition  of  plugs  at  the  central  instrument,  any  two  stations 
can  be  placed  in  direct  communication. 

Pig.  409  is  a  front  view  of  a  "  Hunningscone-Deckert "  central 
station  instrument,  with  microphone  and  induction  coil,  for  the 
"  reply  and  call "  system.  Below  the  transmitter  is  a  line 
selector  for  putting  any  instrument  in  cii'cuit,  and  at  the  top  of 
the  instrument  is  a  series  of  plug  holes  for  intercommunication 
between  sub-stations. 

Fig.  410  shows  a  Hunningscone-Deckert  sub-station  instru- 


Fig.  411. 


TELEPHONES. 


333 


ment,  with  microphone,  induction  coil,  and  switch,  for  "  reply  " 
and  "  call." 

Fig.  4 1 1  is  a  diagram  of  the  connections  for  a  system  of  five 
sub-stations,  any  of  which  can  be  rung  up  from,  or  can  ring 
up,  the  central  station,  and  any  sub-station  can  be  placed  in 
direct  communication  with  any  other  sub-station  by  the  plug 
board  on  the  central  instrument. 

The  Berliner  type  of  central  station  telephone  is  shown  in 
rig.  412.  Here  the  different  lines  are  selected  by  a  series  of 
separate  switches  in  the  upper  part  of  the  instrument,  and  the 
intercommunication  plug  board  is  at  the  bottom.  The  advantage 
of  this  arrangement  is  that  several  lines  can  be  called  up  and 
spoken  to  simultaneously  from  the  central  station.    The  sub- 
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station  telephone  is  illustrated  in  Fig.  413.  The  chief  feature  of 
this  is  an  automatic  device  for  changing  over  the  call  line  so 
that  it  is  unnecessary  to  have  a  separate  switch  for  the  purpose. 

Fig.  414  is  a  diagram  of  the  connections  for  a  system  of  five 
sub -stations  in  communication  with  the  central  station,  and 
through  the  plug  board  with  each  other. 


LIGHTNING  CONDUCTOES. 

Conductors  and  Fittings. — Although  galvanised  iron  is  some- 
times used,  the  best  material  for  lightning  conductors  is  copper, 
and  in  most  cases  it  will  in  the  end  prove  to  be  the  cheapest. 

Copper  tape  and  copper  rope  are  largely  employed.  Tape 
possesses  several  advantages.  It  can  be  obtained  in  lengths 
which  largely  obviate  jointing,  it  can  be  easily  and  securely 
jointed,  and  it  is  easy  to  fix  owing  to  its  flexibility.  Eopes  are 
satisfactory  if  strands  of  adequate  diameter  be  employed,  but 
they  are  more  conspicuous  than  tape,  they  expose  greater  surface 
to  the  action  of  the  elements,  and  present  interstices  for  the 
lodgment  of  dirt,  soot,  and  water. 

The  utmost  importance  attaches  to  the  joints  of  the  con- 
ductors. Ordinary  soldering  renders  joints  perfect  for  a  time, 
but  will  not  stand  the  strains  due  to  continual  expansion  and 
contraction.  Therefore  the  use  of  well-designed  joint-boxes  is 
always  desirable.  Joint -boxes  of  various  patterns  can  be 
obtained  for  tee,  two-way,  four- way,  or  ordinary  joints,  and  are 
furnished  with  lugs,  screws,  or  straps  for  fixing  in  any  position 
or  part  of  a  building.  Joints  are  made  in  such  boxes  by  pouring 
solder  over  the  spliced  and  tinned  conductors  laid  in  the  box. 

Conductors  must  always  be  attached  to  the  building  by 
metal  holdfasts,  permitting  expansion  and  contraction  due  to 
temperature  changes.  They  should  be  taken  down  the  side 
most  exposed  to  rain,  and  connected  to  internal  and  external 
water  pipes  and  gas  pipes  of  all  kinds.  Conductors  must  never 
be  bent  abruptly  round  sharp  corners,  but  they  may  be  taken 
through  projecting  masonry  if  holes  of  ample  size  are  provided. 
Where  iron  conductors  are  used  they  must  always  be  painted, 
whether  galvanised  or  not. 

Terminals. — Some  forms  of  ordinary  air  terminals  are  illus- 
trated in  Fig.  415. 
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Fig.  415. 

A  type  of  a^'r  terminal  recommended  by  Mr.  Killingworth 
Hedges,  M.Inst.C.K,  is  shown  in  Fig.  416.  A  gun-metal  circular 
box  furnished  with  pockets  to 
receive  the  points  is  pinned 
to  the  central  rod,  and  is  fixed, 
together  with  the  points,  by 
pouring  solder  into  the  inside 
cavity.  Fig.  417  shows  a 
variation  of  the  same  type 
for  cable,  the  strands  of  which 
are  mechanically  and  electric- 
ally connected  to  the  points 
in  a  similar  box. 

Space  Protected. — Theo- 
retical calculation  of  the  space 
protected  by  a  lightning  conductor  is  not  entirely  reliable,  but 
satisfactory  results  may  generally  be  insured  by  adopting  the 
rule  that  a  lightning  conductor  protects  a  conical  space  of  which 
the  apex  is  at  the  terminal  of  the  conductor,  and  the  radius  is  equal 
to  the  height  of  the  terminal  from  the  ground. 

From  this  rule  it  is  clear  that  unless  the  terminal  is  sufficiently 
high,  the  whole  of  a  building  cannot  be  efiaciently  protected  by 
a  single  conductor.  In  most  cases  it  would  be  impracticable  to 
make  the  height  adequate  for  the  fulfilment  of  such  a  purpose, 


Fig.  417. 
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and,  further,  one  tall  terminal  is  far  less  efficient  than  several 
points  at  regular  intervals  along  a  roof. 

During  a  thunderstorm,  not  only  the  atmosphere  but  also 
the  ground  is  charged  with  electricity,  and  the  greater  the 
number  of  points,  the  greater  is  the  likelihood  that  pressure 
will  be  equalised  between  the  clouds  and  the  earth.  Hence  the 
practice  is  to  employ  a  number  of  terminaM  united  by  horizontal 
lines  of  copper  cable,  or  tape,  and  connected  to  earth  by  one  or 
more  conductors,  the  number  of  which  varies  with  the  size  of  the 
building. 


Fig.  418. 

Fig.  4 1 8  illustrates  the  application  of  the  Hedges  system  to 
part  of  the  roof  of  Westminster  Abbey,  the  terminal  points  being 

connected  by  cables  to  a  horizontal 
conductor  running  along  the  ridge  of 
the  roof  Fig.  4 1 9  shows  an  octagonal 
coronal  suitable  for  a  chimney,  the 
frame  being  of  copper  tape  and  joined 
to  a  tape  earth-conductor.  The  four 
points  can  be  arranged  to  screw  into 
the  cap  of  the  shaft,  so  as  to  fix  the 
coronal.  Similar  coronals  are  made  in  other  forms  suitable  for 
chimneys,  roofs,  and  other  details  of  buildings. 

Earth  Connection. — The  lower  extremity  of  the  conductor  or 
conductors  must  be  buried  in  permanently  damp  soil.  Therefore 
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proximity  to  rain-water  pipes  and  drains  is  desirable.  Earth 
connection  may  be  made  in  various  ways,  some  of  which  are 
described  below. 

Fig.  420  represents  a  simple  connection  recommended  by  Dr. 
Mann,  in  which  the  opened  strands  of  a  rope  are  buried  in  a  bed 
of  coke. 

Fig.  421  illustrates  the  Hedges  system  of  earth  connection,  in 
which  the  tubular  earth  consists  of  a  specially  constructed  pipe, 
\\  in.  or  2  in.  diameter,  perforated  at  the  lower  end  and  provided 
with  a  steel  spike.  This  end-piece  is  driven  into  the  ground, 
and  other  lengths  are  screwed  on  until  the  desired  depth  is 


attained.  The  conductor  is  dropped  down  the  tube,  and  electrical 
connection  is  made  by  a  brass  cap  and  soldering.  A  branch  pipe 
can  be  led  to  the  nearest  water-pipe,  so  that  water  may  run 
through  the  tubular  earth  fitting,  thus  insuring  the  necessary 
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moisture.  This  form  of  earth  connection  takes  up  little  room 
and  is  very  easily  applied. 

Copper  and  galvanised  earth  plates  are  frequently  used,  being 
buried  in  permanently  wet  earth  and  surrounded  by  cinders  or 
coke.  The  usual  dimensions  for  an  earth  plate  are  3  ft.  by  3  ft. 
by  in,  thick.  Great  care  must  be  taken  to  make  a  secure  con- 
nection between  the  conductor  and  the  plate.  It  is  often  difl&cult 
to  bury  the  plate  to  the  depth  necessary  for  reaching  moist  earth, 
and  the  connection  of  the  plate  with  the  conductor  is  generally 
impaired  after  being  buried  for  a  few  years. 

No  part  of  a  lightning-conductor  system  is  more  important 
than  the  earth  connection.  Being  buried,  it  is  generally  for- 
gotten, and  if  the  connection  should  become  impaired,  the  whole 
system  will  be  worse  than  useless,  giving  rise  to  a  feeling  of 
security  where  none  exists. 


KEY  DIAGEAM 


In  the  drawings  and  diagrams  illustrating  this  chapter  various 
conventional  signs  and  methods  of  expression  are  adopted,  some  of 
which,  for  the  convenience  of  readers,  are  explained  below. 


N 

an 

d  S 

on  the  diagrams  of  dynamos  indicate  the  north  and 
south  poles  of  the  field  magnets. 

and  — 

against  conductors,  or  the  terminals  of  electrical  appar- 
atus, indicate  positive  and  negative  respectively. 

0 

against  a  conductor  indicates  that  the  conductor  is 
neutral  or  at  earth  potent  ial. 

^         ft.       represents  a  dynamo,  the  circle  being  the  commutator, 
\jF           and  each  tangent  tlie  brush,  at  the  end  of  which  tlie 
^/^            terminal  is  shown  by  a  circle. 

H 

1  represents  either  a  primary  or  a  secondary  battery,  each 
1  1  cell  including  one  positive  and  one  negative  element, 
1  P~  the  first  indicated  by  the  thin  line  and  the  latter  by  the 
'  1             thick  line.    The  number  of  cells  intended  in  any  dia- 

'             gram  can  be  found  by  counting  the  thin  or  thick  lines. 

Fuses  are  thus  represented  in  the  diagrams,  approxi- 

mately according  to  their  weight  and  capacity. 

represent  main  switches. 


indicate  that  conductors  cross  without  electrical  or 
mechanical  contact  or  connection. 


Lamps  connected  in  parallel  between  two  conductors. 


Lamps  connected  in  series  on  one  conductor. 


Diagrammatic  representation  of  electric  bell  push. 


Diagrammatic  representation  of  burglar  alarm  contact. 
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MATERIALS. 

rpmS  chapter  contains  only  so  much  as  is  necessary  to  form  an 
elementary  introduction  to  the  consideration  of  the  subject 
of  the  materials  used  in  building  construction.  More  complete 
information  with  respect  to  them  will  be  found  in  Part  III.  of 
this  work. 

BRICKS. 

Manufacture. — Ordinary  building  bricks  are  made  of  clay  or 
other  earths  subjected  to  various  processes,  such  as  clearing  from 
stones,  grinding  if  necessary,  and  mixing  in  some  cases  with 
chalk.  These  vary  somewhat  according  to  local  practice,  in- 
fluenced by  the  nature  of  the  material.  The  clay  is  formed,  after 
mixing  with  water  to  a  plastic  condition,  to  the  required  shape  by 
hand  in  moulds,  or  by  machines,  dried,  and  then  burnt  either  in 
kilns  (large  ovens)  or  clamps  (piles  of  the  dried  bricks  themselves). 

Hand-made  Bricks  have  a  frog,  or  indentation,  on  one  side, 
which  lightens  the  brick  and  forms  a  key  for  the  mortar. 

Machine-made  Bricks  are  generally  denser  and  heavier  than 
those  made  by  hand.  In  some  machines  the  bricks  are  cut  off 
by  a  wire :  they  then  have  no  frog ;  in  others  the  clay  is  pressed 
when  nearly  dry  in  a  mould,  and  these  generally  have  a  frog,  and 
are  often  pierced  through  with  holes  to  make  them  lighter. 

Classification  of  Bricks. — This  differs  in  various  localities,  but 
in  some  brickfields  near  London  there  are  three  general  classes : — 

Malms,  in  which  the  clay  is  mixed  with  about  ^  chalk,  and 
cinders. 

Washed,  in  which  less  chalk  is  added  to  the  clay. 
Common,  in  which  no  chalk  is  added. 

These  classes  are  divided  into  several  varieties,  the  principal  of  which  are — 
Cutters  or  Bubbers  of  even  texture  and  very  soft,  so  that  they  can  he  cut 

and  rubhed  to  accurate  shapes  and  to  a  smooth  face. 

Facing  Paviors,  hard-burnt  malm  bricks  of  good  shape  and  colour,  used 

for  facing  superior  work. 
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Hard  Paviors  are  more  burnt,  slightly  blemished,  and  used  for  copings, 
superior  facing,  etc. 

Stocks,  good  bard  bricks,  used  generally  for  ordinary  good  work. 

Grizzles  and  Place  Bricks,  which  are  weak,  under-burnt,  inferior  bricks. 

Ohuffs  are  bricks  on  which  the  rain  has  fallen  when  they  were  hot,  mak- 
ing them  full  of  cracks  and  useless. 

Burrs  are  lumps  of  over-burnt  bricks  vitrified  and  run  together. 

Machine-made  Bricks  may  be  classed  as  Pressed  or  Wire-cut, 
of  each  of  which  there  are  several  varieties. 

Characteristics  of  good  ordinary  Bricks. — They  should  be 
well  burnt,  hard,  ringing  well  when  struck  together,  free  from 
cracks  and  lumps,  especially  lumps  of  lime,  regular  in  shape  and 
uniform  in  size,  not  absorbing  more  than  ^  of  their  weight  of 
water. 

Size  and  Weight. — This  varies ;  but  near  London  ordinary 
bricks  are  about  8f  inches  long,  4^  inches  broad,  and  2-J  inches 
thick,  and  weigh  about  7  lbs  each. 

In  order  to  obtain  good  brick-work,  the  length  of  each  brick  should  just 
exceed  twice  its  breadth  by  the  thickness  of  a  mortar  joint. 

Varieties  of  Bricks. 

Besides  the  ordinary  bricks  above  described  there  are  innumer- 
able varieties  in  the  market,  the  most  important  of  which  are : — 

White  Bricks,  made  from  peculiar  clays,  sometimes  with  the  addition 
of  a  large  proportion  of  chalk.  The  best  known  are  the  Suffolk  and  Beaulieu 
bricks. 

Gault  Bricks  are  from  the  clay  between  the  upper  and  lower  greensand. 
They  are  white,  and  generally  very  dense  and  heavy,  being  to  some  extent 
lightened  by  a  large  frog,  or  by  holes  through  their  thickness. 

Staffordshire  Blue  Bricks  are  made  from  the  local  clays,  which  contain 
some  10  per  cent  of  oxide  of  iron,  converted  under  great  heat  into  the 
black  oxide.  They  are  of  a  dark  blue  colour  or  nearly  black.  They  have 
an  enormous  resistance  to  compression,  are  very  hard,  non-porous,  very 
durable,  and  much  used  for  paving,  copings,  etc. 

Fareham  Red  Bricks  are  made  near  Portsmouth,  and  are  much  used 
for  superior  face-work. 

Enamelled  Bricks  have  a  white  china -like  surface,  and  are  used  for 
lavatories,  dairies,  etc. 

Dutch  Clinkers  are  very  small,  well-burnt  hard  bricks,  used  for  facing. 

Moulded  and  Purpose-made  Bricks  may  be  obtained  of  every  possible 
form,  and  not  only  save  much  labour  in  cutting  ordinary  bricks,  but  weather 
much  better,  being  as  a  rule  of  better  material. 

Fire  Bricks  are  made  from  "fire  clays,"  found  generally  in  the  coal- 
measures.  They  are  capable  of  withstanding  very  high  temperatures,  and 
are  much  used  for  lining  furnaces,  etc. 

Terra  Gotta  is  made  from  mixtures  of  peculiar  clays  with  ground  glass, 
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pottery,  and  sometimes  sand.  It  is  apt  to  warp  in  manufacture,  but  is  much 
used  for  building,  is  very  hard,  strong,  and  durable  in  any  atmosphere. 

Pipes  and  Clay  Goods. — These  are  innumerable  in  form,  but  it  is  im- 
portant to  distinguish  between  the  material  of  which  they  are  made. 

Unglazed  ware  is  made  from  ordinary  clays,  weak,  and  unable  to  resist  frost. 

Fire-clay  Ware,  made  from  fire  clays  and  glazed,  used  for  common  work. 

Stoneware,  made  from  Lias  clays,  glazed,  is  very  strong,  durable,  and 
used  for  the  best  work. 

Terra  Cotta,  made  from  the  material  above  described.  It  is  inferior  to 
stoneware,  being  more  absorbent,  but  better  than  fire-clay  goods. 


STONE. 

Characteristics  of  good  Building  Stone. — Stone  is  found  of 
many  different  descriptions  and  qualities,  but  the  chief  character- 
istics required  in  a  good  stone  for  building  are  as  follows : — 

Durability,  which  depends  chiefly  upon  chemical  composition  ;   for  a 
large  proportion  of  lime  will  render  the  stone  unfit  to  resist  the  acid  atmos- 
phere of  towns — a  stone  that  is  not  durable  out  of  doors  is  said  to 
"  weather"  badly.    The  durability  is,  however,  to  some  extent  influenced 
by  its  Physical  Structure,  thus  marble  is  more  durable  than  chalk,  though 
chemically  the  same.    Hardness  (for  quoins,  etc.),  Facility  for  Working 
(for  carvings,  etc.),  and  Appearance,  have  sometimes  to  be  considered. 
Classification  of  Building  Stones  may  be  taken  as  follows  : — 
Granites  and  other  igneous  rocks.  Sandstones, 
Slates.  Limestones. 
Granite  is  composed  of  quartz,  felspar,  and  mica.    It  is,  as  a 
rule,  very  durable  and  hard  to  work,  and  is  used  for  heavy 
engineering  structures  and  for  massive  buildings,  also  in  the  parts 
of  ordinary  buildings,  such  as  steps,  that  undergo  most  wear. 

Mica  and  some  kinds  of  felspar  are  liable  to  decay,  but  quartz  is  always 
hard  and  durable  ;  therefore  the  more  quartz  a  granite  contains  the  better. 

The  best-known  granites  are  found  in  Scotland  and  Cornwall. 

Slates  for  Booflng. — They  should  be  fine  grained,  hard,  wdth 
a  metallic  ring,  not  friable  at  the  edges  ;  tough,  so  as  not  to 
splinter  when  cut  or  holed;  and  non-absorptive.  The  best 
varieties  come  from  Wales. 

Slate  is  also  used  in  slabs  of  from  1  to  3  inches  thick  for  cisterns,  sills, 
skirtings,  landings,  etc. 

Sandstones  are  found  in  great  variety.  They  consist  of  grains 
of  sand  held  together  by  cementing  material,  upon  the  nature  of 
which  latter  depends  their  durability. 

The  best-known  sandstones  are  as  follows  : — 
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Yorkshire  Sandstones. — These  have  a  coarse  grit,  are  very  strong,  can 
be  obtained  in  large  blocks  of  a  light  brownish-white  colour,  and  are  much 
used  for  heavy  engineering  work.  The  best-known  quarries  are  Bramley 
Fall,  Bradford,  Scotgate  Ash,  etc.  etc. 

Mansfield  Stone  is  found  in  Nottinghamshire  in  two  colours,  red  and 
white,  and  is  well  adapted  for  ashlar  work,  columns,  etc. 

Craigleith  Stone,  found  near  Edinburgh,  is  the  most  durable  sandstone 
in  the  country,  and  useful  for  any  good  masonry. 

Limestones  consist  of  grains  of  carbonate  of  lime  cemented 
together  by  the  same  substance,  or  by  the  same  mixed  with  silica. 

They  vary  greatly  in  texture,  being  either  granular,  with  grains 
varying  much  in  size,  or  compact,  not  showing  grains. 

The  principal  varieties  are  : — ■ 

Bath  Stonk — An  even-grained,  comparatively  soft  white  stone  ;  some  of 
it  weathers  badly.  It  is  obtainable  in  large  blocks,  and  much  used  for 
mouldings  and  carved  work.  There  are  several  quarries,  such  as  Box, 
Combe,  Corsham,  etc. 

Portland  Stone. — Several  distinct  kinds  are  found  in  the  quarries. 
Roach  and  Whithed  Roach  are  full  of  shell  casts,  and  not  much  used  in  ordinary 
buildings.  Whithed  and  Basehed,  known  also  as  "  Bestbed,"  are  most  valuable 
white  building  stones,  of  even  texture,  and  durable  in  most  positions.  Both 
descriptions  present  the  same  appearance,  but  Whitbed  is  harder  to  work  and 
more  durable  than  the  other. 

Kentish  Rag  is  a  hard,  compact,  non-absorbent  gray  stone,  very  difficult 
to  work,  and  used  chiefly  for  rubble.    (See  Part  I.) 

Yellow  Mansfield  Stone  is  a  magnesian  limestone,  composed  almost 
entirely  of  carbonate  of  magnesia  and  lime,  and  is  an  even-grained  stone  fit 
for  ashlar  and  carving. 

Caen  Stone  is  found  in  Normandy,  but  much  used  in  this  country.  It 
is  of  a  cream  colour,  very  soft  when  just  quarried,  easily  worked  and  carved, 
but  weathers  badly. 

Marble  is  a  very  dense,  compact  form  of  limestone  that  will  take  a 
polish  ;  some  varieties  are  beautifully  marked,  and  are  used  chiefly  for 
decorative  purposes. 

Natural  Bed. — The  importance  of  placing  stones  in  walls  with 
their  natural  beds — in  the  layers  in  which  they  were  geologically 
deposited  horizontal — has  been  mentioned  in  Part  I. ;  also  that  in 
cornices  or  over  hanging  work  the  natural  bed  should  be  vertical. 

LIMES  AND  CEMENTS.  MOETAK,  GEOUT, 
CONCKETE,  ETC. 

LIME. 

Quicklime  is  produced  by  burning  limestone  in  a  kiln,  the 
carbonic  acid  is  driven  off,  and  the  result  is  quicklime. 
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Slaking  is  effected  by  thoroughly  wetting  a  quicklime  and 
covering  it  up.  It  then  swells,  becomes  hot,  gives  out  puffs  of 
steam  and  falls  to  powder,  which  is  called  slaked  lime. 

The  slaking  process  is  very  violent  with  rich  limes,  less  so  with 
poor  limes,  and  very  slight  in  the  case  of  hydraulic  limes. 

Setting. — When  a  lime  or  cement  is  made  with  water  into  a 
pat,  and  exposed  to  the  air,  it  will  harden  less  or  more  according 
to  its  quality,  until  in  most  cases  it  becomes  quite  hard  through- 
out its  bulk.  With  hydraulic  limes  and  cements  the  hardening 
will  take  place  even  better  if  the  pat  is  placed  under  water. 

Pure,  Bioh,  or  Pat  Lime  is  that  produced  from  pure  limestones, 
such  as  marble  or  chalk,  containing  nothing  but  carbonate  of  lime. 
Such  a  lime  slakes  furiously,  but  a  pat  made  from  it  will  never 
thoroughly  set  or  harden,  even  in  the  air,  and  if  placed  under 
water  it  will  simply  dissolve  away.  Eich  limes  cannot,  therefore, 
make  good  mortar  or  concrete,  but  are  the  best  for  whitewashing 
and  sanitary  purposes. 

Poor  Lime  is  from  limestone  containing  useless  impurities,  and 
it  shares  all  the  defects  of  rich  limes. 

Hydraulic  Limes  are  produced  from  limestones  which  contain 
from  5  to  30  per  cent  of  clay  in  a  peculiar  form.  They  slake 
with  more  or  less  difficulty,  but  will  set,  becoming  quite  hard  in 
air  or  under  water,  and  are  therefore  adapted  for  making  good 
mortar  and  concrete. 

Test. — To  ascertain  whether  a  limestone  is  hydraulic,  it  should  be  made 
red  hot,  to  drive  off  the  carbonic  acid.  The  resulting  quicklime  should  be 
slaked,  made  up  with  water  into  a  pat,  and  then  placed  under  still- water,  to 
see  if  it  will  set  there.  If  it  does  not  set,  but  dissolves  or  becomes  disinte- 
grated, it  will  show  that  the  lime  is  not  hydraulic. 

CEMENTS. 
Cements  are  either  natural  or  artificial. 

Boman  Cement  is  the  best -known  natural  cement  in  this 
country.  It  is  made  by  burning  nodules  containing  some  30  to 
45  per  cent  of  clay,  found  in  the  London  clay.  This  cement  is 
of  a  rich  brown  colour,  and  weighs  about  75  lbs.  a  bushel.  It 
sets  in  about  1 5  minutes,  and  is  valuable  for  tide-work,  or  stucco, 
but  its  ultimate  strength  is  very  small. 

Other  quick-setting  Cements — For  the  names  and  uses  of  other 
somewhat  similar  cements,  see  p.  199.  They  are  not  used  for  mortar  or 
concrete,  but  chiefly  for  plasterers'  work. 
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Portland.  Cement  is  an  artificial  compound  made  by  mixing 
chalk  and  clay  in  water  in  the  proportion  of  about  75  per  cent 
chalk  to  25  per  cent  clay,  drying  and  burning  the  mixture  in 
kilns,  and  grinding  the  resulting  "  clinker  "  to  such  a  fineness  that 
90  per  cent  of  it  will  generally  pass  a  sieve  of  2500  meshes  to 
the  square  inch,  and  it  will  weigh  about  115  lbs.  per  bushel. 

The  result  is  a  fine  powder  of  greenish  gray  colour,  which 
when  mixed  into  a  pat  will  set  either  in  the  air  or  under  water, 
becoming  hard  in  twenty-four  hours,  attaining  considerable  tensile 
strength  in  seven  days,  and  in  course  of  time 
a  strength  far  greater  than  that  of  any  other 
cement. 

Testing. — The  tensile  strength  of  samples  of  Portland 
cement  is  ascertained  by  forming  the  cement  into  briquettes 
or  blocks,  of  the  form  shown  in  Fig.  422,  the  section  at  A 
being  generally  li  inch  square.  These  are  broken  in  a 
machine  which  applies  slow  tension  upwards  and  down- 
wards at  K  and  K. 

A  good  cement  after  setting  seven  days  under  water  is 
expected  not  to  break  under  a  less  weight  than  of  about 
800  lbs.  on  the  area  A  (2^  square  inches),  i.e.  355  lbs.  per 
square  inch. 

Cooling. — It  is  of  the  utmotst  importance  that  Portland  cement  should  be 
thoroughly  cool  when  used — all  the  lime  in  it  thoroughly  air-slaked — other- 
wise it  may  swell  in  the  work  when  used,  and  cause  much  damage.  In  order 
to  cool  it,  it  should  be  spread  out  on  a  floor  protected  from  the  weather,  and 
turned  over  daily  for  some  weeks,  so  that  every  part  of  it  may  become 
thoroughly  air-slaked. 

MOETAE— CONCEETE. 

Mortar  is  made  by  mixing  to  the  consistency  of  soft  porridge 
limes  or  cements  with  clean  sands,  the  proportion  of  which 
depends  upon  the  description  of  the  lime  or  cement. 

Peoportion  of  Sand. — Hich  and  Poor  Limes  may  be  mixed  with 
a  large  proportion  of  sand  (3  or  4  measures  of  sand  to  1  of  lime), 
for  in  any  case  they  make  mortars  with  very  little  strength. 
Hydraulic  Limes  make  a  good  mortar  with  2  of  sand  to  1  of  lime. 
Roman  Cement  Mortar  should  not  have  more  than  1  or  1^  sand  to 
1  cement,  and  is  then  a  very  weak  mortar.  Portland  Cement 
will  make  a  very  strong  mortar  when  mixed  with  2  or  3  of  sand, 
and  even  with  5  of  sand — a  mortar  better  than  any  of  those  made 
from  lime. 


Fig.  422. 
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Grout  is  a  weak  mortar  made  liquid  by  the  addition  of  water, 
and  used  to  pour  into  joints  and  interstices  which  cannot  be  got 
at  with  the  stiffer  material. 

Concrete  is  a  conglomerate  or  thorough  mixture  of  shingle, 
broken  stones,  or  similar  material,  with  lime  or  cement,  sand  and 
water,  which  form  a  mortar  filling  the  interstices  between  the 
pieces  of  stone.  The  proportions  of  ingredients  mixed  determine 
the  quality  of  this  mortar,  which  in  its  turn  governs  the  strength 
of  the  concrete. 

Propoktions  of  Ingredients. — Concrete  is  generally  described 
with  reference  to  the  bulk  (when  dry)  of  the  materials  comprising 
it.  Thus  for  an  important  work  the  concrete  might  be  1  Portland 
cement,  2  sand,  and  5  of  shingle  or  broken  stone ;  for  less  import- 
ant work  1  Portland  cement,  3  sand,  and  8  shingle. 

Laying  Concrete. — This  should  be  carefully  done  in  hori- 
zontal layers,  about  12  inches  thick,  well  rammed,  the  surfaces 
being  kept  clean,  and  the  material  not  disturbed  when  setting. 

PLASTEE  AND  ASPHALTS. 

Plaster  for  common  work  is  a  sort  of  mortar  spread  over 
surfaces  to  make  them  smooth.  It  is  laid  on  in  successive  coats, 
the  composition  of  which  varies,  and  is  given  at  pp.  199-200. 

Plaster  of  Paris,  or  calcined  gypsum,  is  a  very  quick-setting 
material,  the  basis  of  several  cements,  for  which  see  p.  199. 

Asphaltes  are  combinations  of  bituminous  and  calcareous 
matter.  The  best  are  natural — found  chiefly  in  Switzerland — 
but  there  are  many  artificial  imitations  made  with  pitch  and 
chalk. 

The  material  is  generally  heated,  and  poured  in  a  molten  state 
over  the  surface  to  be  covered.  Some  kinds  are  laid  as  powder 
and  compressed  by  ramming. 

The  best  varieties  of  asphalte  are  from  Seyssel,  and  Val  de 
Travers  in  Switzerland. 

TIMBER 

Appearance  of  Cross  Section. — The  timber  used  in  engineer- 
ing and  building  works  is  obtained  from  a  class  of  trees  which 
grows  by  the  deposit  of  successive  layers  of  wood  outside  under 
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the  bark,  while  at  the  same  time  the  bark  becomes  thicker  by 
the  deposit  of  layers  on  its  under  side. 

Annual  Eings. — The  cross  section  of  such  trees  (see  Fig.  423) 
consists  of  several  concentric  rings  or  layers,  each  ring  consisting 
in  general  of  two  parts — the  outer  part  being  usually  darker  in 
colour,  denser  and  more  solid  than  the  inner  part.    The  difference 

between  the  parts  varies  in  different 
kinds  of  trees. 

These  layers  are  called  annual  rings, 
because  one  of  them  is,  as  a  rule,  de- 
posited ever  year.  Sometimes,  how- 
ever, a  recurrence  of  exceptionally 
warm  or  moist  weather  will  produce 
a  second  ring  in  the  same  year. 

Medullaey  Eays  and  Silver  Geain. 
— In  the  centre  of  the  tree  is  a  column 
of  pith  p  from  which  planes,  seen  in 
section  as  thin  lines  m  m,  radiate  toward  the  bark  b,  and  in  some 
cases  similar  lines  m  m  converge  from  the  bark  toward  the  centre 
but  do  not  reach  the  pith. 

These  radiating  lines  are  known  as  "  medullary  rays "  or 
"  transverse  septa."  In  many  woods  they  are  not  discernible  by 
the  eye,  but  when  they  are  of  large  size  and  strongly  marked,  as 
they  are  in  some  kinds  of  oak,  they  present,  if  cut  obliquely,  a 
beautiful  figured  appearance,  known  as  "  silver  grain  "  or  "  felt." 

Heartwood  and  Sapwood. — As  the  tree  increases  in  age  the 
inner  layers  are  filled  up  and  hardened,  becoming  what  is  called 
"  heartwood,"  the  remainder  being  called  "  sapwood."  The  latter 
is  softer  and  lighter  than  heartwood  and  can  generally  be  easily 
distinguished  from  it. 

This  is  important,  as  the  heartwood  is  in  most  trees  far 
superior  to  the  sapwood  in  strength  and  durability,  and  should 
alone  be  used  in  good  work. 

Characteristics  of  good  Timber. — Good  timber  should  be 
from  the  heart  of  a  sound  tree — the  sap  entirely  removed.  The 
wood,  uniform  in  colour  and  substance,  straight  in  fibre,  free 
from  large  or  dead  knots,  flaws,  shakes,  or  blemishes  of  any  kind. 

The  annual  rings  should  be  regular  in  form ;  close  and  narrow 
rings  indicate  strength,  porous  and  open  rings  are  signs  of  weak- 
ness. Good  timber  is  sonorous  when  struck.  A  dull  heavy 
sound  betokens  decay. 
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Classification  of  Timber. — For  practical  purposes  timber  may 
be  classed  as  : — 

Soft  Wood,  including  fir,  pine,  spruce,  larch,  and  all  cone-bearing 
trees. 

Haed  Wood,  including  oak,  beech,  ash,  elm,  mahogany,  teak,  etc. 

Market  Forms  of  Timber. — The  following  are  the  most  common  forms 
in  which  timber  is  sold  : — 

Logs,  being  trunks  of  trees  with  the  branches  lopped  off. 

Balks  or  square  timber,  being  the  trunks  roughly  squared,  generally  by 
the  axe,  sometimes  by  the  saw. 

Planhs,  being  parallel-sided  pieces  2  to  6  inches  thick,  11  inches  wide, 
and  from  8  to  21  feet  long. 

Deals.    Similar  pieces  9  inches  wide,  and  not  more  than  4  inches  thick. 

Battens,  being  like  deals,  but  only  7  inches  wide. 

DESCEIPTIONS  OF  DIFFEEENT  KINDS  OF  TIMBER 

SOFT  WOODS. 

Bed  or  Yellow  Fir,  or  Northern  Pine,^  is  obtained  chiefly  from  the  Baltic 
or  Russia. 

Its  cross  section  shows  distinct  annual  rings,  the  hard  portions  of  which 
are  much  darker  than  the  others  ;  the  wood  is  resinous,  and  there  are  no 
medullary  rays  visible. 

The  best  timber  of  this  description  comes  from  Memel,  Dantzic,  and  Riga, 
the  balks  being  from  18  to  45  feet  long  and  12  to  16  inches  square. 

Yellow  Deals  come  from  the  same  ports,  the  best  from  St.  Petersburg,  Arch- 
angel ;  and  others  from  Ghristiania,  and  from  Gefle  and  other  Swedish  ports. 

All  these  are  used  for  carpenters'  work,  and  the  best  of  the  deals  for 
joinery. 

American  Pine. — Red  Pine,'^  so  called  from  the  colour  of  its  bark,  very 
like  Memel  timber,  and  Yellow  Pine,^  of  a  brownish-yellow  colour  when 
seasoned,  are  imported  from  Canada. 

American  Yellow  Pine  is  of  a  very  soft  and  even  grain,  and  can  be 
easily  recognised  by  short,  detached,  dark,  thin  hair-streaks  running  in  the 
direction  of  the  grain,  which  show  upon  a  planed  surface. 

It  is  invaluable  for  joinery,  but  is  not  so  strong  or  durable  for  carpenters' 
work  as  Baltic  timber. 

Pitch  Pine  *  also  comes  from  North  America.  It  has  very  strongly-marked 
annual  rings,  is  full  of  resin  when  it  has  not  been  "  bled,"  hard  to  work  and 
to  wear,  very  durable  except  in  a  moist  atmosphere. 

It  is  much  used  for  heavy  engineering  structures,  also  for  ornamental 
joinery  and  for  parts,  such  as  heads  of  steps,  sills,  etc.,  subjected  to  much  wear. 

Spruce,^  or  White  Fir,  comes  both  from  the  north  of  EurojDe  and  from 
North  America. 


^  Obtained  from  the  Pinus  sylvestris  or  Scotch  Fir. 

^  Known  also  as  Canada  Red  Pine,  Pinus  rubra,  or  Pinus  resinosa, 

^  Pinus  strobus.  ^  Pinus  rigida.  ^  Abies  excelsa. 
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The  wood  is  of  a  yellowish  white,  with  clear  annual  rings  and  hard  glossy 
knots,  by  which  it  is  easily  recognised. 

It  shrinks  and  warps  very  much,  and  is  fit  only  for  common  joinery  and 
floors,  jDacking-cases,  and  other  common  work. 

Larch  is  found  in  various  parts  of  Europe,  the  best  being  in  Russia. 

It  is  of  a  brownish -yellow  colour,  the  hard  parts  of  the  rings  being 
reddish.  The  wood  is  tough  and  durable,  but  shrinks  and  warps,  and  ia 
used  chiefly  for  posts  and  palings. 


HARD  WOODS. 

Oak  is  found  both  in  this  country  and  also  in  America,  Holland,  and 
the  Baltic. 

British  Oak  is  found  in  three  principal  varieties  ^  which  need  not  be 
described  in  detail. 

It  is  in  section  of  a  light  brown  colour,  with  a  hard  surface,  narrow  and 
regular  annual  rings,  and  clearly-marked  medullary  rays. 

The  timber  is  very  strong,  hard,  tough,  and  durable  ;  is  used  for  all 
purposes  where  strength  and  durability  are  required  in  engineering  structures, 
and  in  buildings  for  sills,  treads,  superior  joinery,  keys,  wedges,  etc. 

American  Oak  2  has  a  straighter  and  coarser  grain  than  English  oak, 
but  is  not  so  strong  or  durable. 

Dantzic,  Riga,  and  Italian  Oaks  are  chiefly  used  for  ship-building. 
French  Oak  is  very  like  British  oak. 

Wainscot  is  a  form  of  oak  that  comes  chiefly  from  Holland  and  Riga,  is 
easily  worked,  and  is  so  converted  as  to  show  the  diver  grain. 

Beech  is  of  a  whitish-brown  colour,  with  very  distinct  medullary  rays 
and  perceptible  annual  rings.  The  wood  is  hard,  compact,  and  smooth,  not 
difficult  to  work,  very  durable  if  always  dry  or  always  submerged,  but  decays 
quickly  under  alternate  wet  and  dry  or  in  damp  places.  It  is  used  chiefly 
for  piles,  wedges,  and  carpenters'  tools. 

Ash  is  of  a  brownish-white,  with  yellow  streaks,  each  annual  layer  separ- 
ated from  the  next  by  a  ring  of  pores.  The  sapwood  is  not  generally  dis- 
tinguishable. The  timber  is  tough,  flexible,  and  durable  when  dry.  It  is 
too  flexible  for  building  purposes,  and  is  used  chiefly  for  tool  handles  and 
felloes  and  spokes  of  wheels. 

Elm  is  found  in  several  varieties.  The  heartwood  is  reddish-brown  and 
the  sapwood  yellowish.  No  medullary  rays  visible.  The  wood  is  very  fibrous, 
dense  and  tough,  durable — the  sapwood  as  well  as  the  heartwood,  except 
when  alternately  wet  and  dry.  It  is  very  useful  for  work  under  water,  such 
as  piles,  and  for  various  carpenters'  purposes. 

Mahogany  is  imported  chiefly  of  two  descriptions,  Honduras  or  Bay 
Mahogany  and  Spanish  Mahogany,  the  latter  from  Cuba. 

The  wood  is  of  a  golden-brown  colour,  often  very  veined  and  mottled, 
capable  of  receiving  a  good  polish,  and  durable  when  dry  and  not  exposed  to 
weather.  The  Spanish  is  distinguished  from  the  Honduras  by  a  chalk-like 
substance  in  its  pores.    Both  descriptions  are  used  for  handrails  and  furniture. 

■I  Stalk-fruited  or  Old  English  Oak,  Quercus  rohcr  or  Quercus  pedunculata, 
2  wu-  ^"'^'■''"^  sessiliflora.    Durmast  oak,  Quercus pubescens. 

\\  hite  oak  {Quercus  alba)  or  pasture  oak.    Other  kinds  are  also  imported. 
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Teak  or  Indian  Oak  comes  chiefly  from  Burmah.  It  somewhat  resembles 
English  oak,  but  has  no  visible  medullary  rays.  It  is  stronger  and  stiflfer, 
but  splinters  easily.  It  contains  an  aromatic  resinous  oil,  which  makes  it 
very  durable. 

This  timber  is  too  expensive  for  general  use  in  buildings,  but  is  some- 
times employed  for  treads  of  steps,  floors,  etc. 

Greenheart  comes  from  South  America.  Its  section  is  full  of  pores  like  that 
of  a  cane,  of  a  dark  green  colour,  the  sapwood  not  distinguishable  from  the 
heart,  and  the  annual  rings  not  perceptible. 

It  is  the  strongest  timber  in  use,  and  contains  an  essential  oil  which  pre- 
serves it  for  a  time  from  the  attacks  of  worms.  These  qualities  make  it  very 
valuable  for  marine  work,  in  which  it  is  much  used. 

Seasoning. — Timber  is  best  seasoned,  and  the  sap  dried  up,  by- 
being  stacked  under  cover  with  the  air  circulating  freely  round  it. 
There  are  methods  of  seasoning  by  hot  air,  also  by  boiling  and 
steaming,  and  other  special  processes,  which  cannot  here  be  described. 

Decay. — When  timber  is  in  positions  where  it  is  alternately 
wet  and  dry,  or  not  well  ventilated,  it  soon  decays,  the  sapwood 
being  generally  the  first  affected. 

Ifry  Bot  takes  place  in  confined  positions.  A  fungus  eats 
into  the  timber,  makes  it  change  colour,  smell  disagreeably, 
become  brittle,  and  eventually  reduces  the  fibres  to  powder. 

Wet  Rot  occurs  in  the  growing  tree,  and  in  positions  where 
the  gases  generated  can  escape. 

Preservation. — The  best  method  of  preserving  timber  from 
decay  is  to  have  it  thoroughly  seasoned  and  placed  in  well- venti- 
lated positions. 

Painting  or  Charring  preserve  timber  if  it  is  thoroughly  seasoned  ;  if  not, 
they  do  harm  by  confining  the  moisture  and  causing  rot. 

Creosoting  consists  in  forcing  creosote  (oil  of  tar)  ^  into  the  pores  of  the 
timber,  by  which  the  albumen  of  the  wood  is  coagulated,  worms  repelled, 
and  rot  prevented. 

There  are  many  other  methods  of  preserving  timber,  which  are  described 
in  Part  III. 

FeUing  Timber. — The  best  season  for  felling  timber  is  at  midsummer  or 
midwinter  in  temperate,  or  during  the  dry  season  in  tropical  climates,  when 
the  sap  is  at  rest. 

The  age  at  which  a  tree  should  be  felled  varies  with  circumstances.  The 
heartwood  must  be  fully  formed,  but  the  tree  must  not  have  passed  its 
maturity,  which  will  be  shown  by  the  presence  of  young  shoots  and  vigorous 
top-branches. 

lEON  AND  STEEL. 
Iron  is  produced  by  smelting  different  ores  with  a  flux,  which 

1  See  Part  III.  p.  392. 
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extracts  from  them  most  of  their  impurities.  The  liquid  iron  runs 
out  of  the  blast  furnace  into  rough  bars  called  "pigs." 

Hot  Blast  Iron  is  that  produced  by  furnaces  into  which  the  air  is  admitted 
at  a  high  temperature.  When  the  air  is  not  thus  heated  the  resulting  metal  is 
known  as  Cold  Blast  Iron.  There  are  but  few  cold  blast  furnaces  noAv  in  the 
country. 

PIG  lEOK 

Carbon  in  Pig  Iron.- — The  bars  or  pigs  run  from  the  blast 
furnace  are  not  pure  iron,  but  contain  several  impurities,  such  as 
carbon,  silicon,  sulphur,  phosphorus,  and  manganese. 

Of  these  carbon  is  the  most  important.  It  is  sometimes  free, 
being  visible  as  black  specks,  sometimes  chemically  combined 
when  it  is  not  visible. 

Effect  of  Cakbon. — The  effect  of  the  uncomhined  or  free 
carbon  is  to  give  a  fractured  surface  of  the  iron  gray  colour, 
and  to  render  it  easily  fusible. 

The  combined  carbon  does  not  show  in  the  fractured  surface, 
which  is  white  and  bright,  the  iron  being  very  hard,  brittle,  and 
forms  when  fused  a  pasty  mass,  which  will  not  freely  fill  a  mould. 

Difference  of  Carbon  in  Iron  and  Steel. — It  is  important 
to  remember  that  the  materials  produced  from  pig  iron  differ 
considerably  as  to  the  amount  of  carbon  they  contain,  upon  which 
depend  many  of  their  characteristics. 

These  materials  are  : — 

Cast  iron,  containing  from  2'0  to  6*0  per  cent  of  carbon — a 
comparatively  large  percentage. 

Steel,  containing  about  '10  to  1'5  per  cent — a  small  percentage. 

Wrought  iron,  containing,  if  perfectly  pure,  no  carbon,  but 
practically  containing  a  trace. 

Classification  of  Pig  Iron. 

Bessemer  Pig,  a  distinct  variety,  free  from  impurities,  but  containing  a  little 
manganese  and  silicon  ;  made  for  the  Bessemer  process  (see  p.  355). 

Foundry  Pig,  having  a  fracture  of  a  gray  colour,  and  useful  to  the  iron 
founder. 

Forge  Pig,  being  almost  devoid  of  free  carbon,  not  fit  for  superior  castings, 
but  only  for  conversion  into  wrought  iron. 

Besides  the  above  varieties,  the  pig  iron  of  commerce  is  divided  into  six 
or  eight  classes. 
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Cast  iron  is  obtained  by  remelting  pig  iron  with  a  little  lime- 
stone flux  to  get  rid  of  its  impurities,  and  running  it  into  moulds. 

Classification.— Gray  Cast  Iron  is  made  from  foundry  pigs.  No.  1,  the 
darkest  in  colour,  contains  a  large  proportion  of  free  carbon  ;  is  soft,  very 
fluid  when  melted,  and  useful  for  very  delicate  castings.  No.  2  is  lighter  in 
colour,  less  fluid,  but  is  harder  than  No.  1  when  cold,  and  good  for  casting 
girders,  etc.  No.  3  is  of  a  still  lighter  colour,  harder,  more  brittle,  and 
adapted  for  heavy  castings. 

White  Cast  Iron  is  made  from  forge  pigs  ;  is  very  bright,  hard,  and 
unfit  for  castings,  except  the  commonest,  such  as  sash  weights. 

Mottled  Cast  Iron  contains  both  gray  and  white,  which  can  easily  be 
distinguished  on  a  fresh  fractured  surface. 

The  Structure  of  Cast  Iron  is  highly  crystalline  ;  a  bar  broken 
across  shows  no  sign  of  fibre — nothing  but  crystals  close  together. 

Castings  are  made  by  running  molten  cast  iron  into  sand,  in 
which  an  impression  of  the  article  to  be  cast  has  been  formed  by 
means  of  a  wooden  pattern. 

The  shape  given  to  castings  is  important.    There  should  be  no 
3.        sudden  changes  of  thickness,  or  sharp  k-e-H 
angles  as  in  Fig.  424,  but  the  thick-  "T  '  - 
ness  should  change  gradually  and  the  : 
angles  be  rounded  off  as  in  Fig.  425.  ^4, 
If  these  precautions  are  not  attended  j 
to  the  casting  will  crack  at  the  angles,  i 
or  at  any  rate  have  a  tendency  to  do 

so.   * 

Fig.  424.  castings  should  be  smooth  in       ^'S-  425. 

surface,  free  from  air  bubbles  or  flaws,  with  perfect  edges. 

Chilled  Iron  is  a  very  hard  substance  like  white  cast  iron  ;  it  is  produced 
on  parts  of  castings  which  are  required  to  be  especially  hard  by  placing 
pieces  of  cold  iron  against  those  parts  when  the  metal  is  being  run  in. 

Thus  the  running  surface  of  a  cast  iron  wheel  may  be  chilled  and  made 
hard,  the  rest  of  the  wheel  being  of  a  tough  gray  cast  iron. 

Malleable  Cast  Iron  is  made  by  extracting  some  of  the  carbon  from  cast 
iron,  thus  making  it  more  like  wrought  iron  in  composition,  which  produces 
its  toiigliness. 

This  is  done  for  small  castings  by  imbedding  them  in  oxide  of  iron  and 
raising  to  a  red  heat. 

Iron  so  heated  is  softened  to  a  certain  depth  all  over  the  surface,  and  can 
be  hammered  or  bent  to  a  certain  extent. 
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WEOUGHT  lEOK 

The  use  of  wrought  iron  has  been  practically  superseded  by 
that  of  Mild  Steel  for  roofing,  girder-work,  and  general  con- 
structive purposes. 

Manufacture  of  Wrought  Iron. — Wrought  iron  is  manufac- 
tured from  forge  pig  by  the  following  processes. 

Befining,  or  exposure  when  fused  to  a  strong  current  of  air  which  removes 
part  of  the  carbon. 

Puddling,  by  which  the  molten  metal  is  still  further  exposed  to  a  blast  of 
air  and  oxidising  substances  in  a  reverberatory  furnace.  The  remainder  of 
the  carbon  is  thus  removed,  and  clotty  lumps  or  ^'puddle  balls"  of  pure  iron 
appear. 

Shingling,  or  hammering  of  these  puddle  balls  so  as  to  squeeze  out  the 
cinder  and  form  them  into  "  blooms." 

Rolling,  or  passing  the  blooms  while  red  hot  between  grooved  rollers 
which  convert  them  into  puddled  bars. 

The  effect  of  rolling  is  to  elongate  the  crystals  of  the  pig  iron  into  fibres, 
giving  the  iron  great  strength  and  toughness. 

Bar  Iron  is  classified  as  follows : — 

Puddled  Bars,  as  obtained  by  the  processes  just  mentioned,  have  but  little 
tensile  strength,  and  are  used  only  for  manufacture  into  better  descrip- 
tions. 

Merchant  Bar  or  Common  Iron  is  made  by  piling  up  short  lengths  of 
puddle  bars,  raising  them  to  welding  heat,  and  re-rolling.  This  improves  the 
fibre  of  the  iron,  which  is,  however,  still  very  hard,  brittle,  and  useful  only 
for  the  commonest  purposes. 

Best  Bar  is  produced  by  cutting  up  merchant  bars,  piling,  reheating,  and 
rolling.  It  is  tougher  and  more  easily  worked  than  merchant  bar,  and  is 
generally  used  for  ordinary  good  work. 

Best  Best  and  Best  Best  Best  iron  bars  are  those  that  have  been  submitted 
to  three  and  four  repetitions  of  the  processes  of  piling,  welding,  and 
rolling. 

The  Market  Forms  of  Mild  Steel  or  Wrought  Iron  are  very 
various.  Besides  square,  round,  half-round,  flat,  and  other 
sections  of  bars,  the  sections  shown  below  are  the  most  common, 
and  Figs.  426  to  430  are  useful  in  building  up  iron  structures  of 
all  kinds.    The  name  of  each  is  given  below  it. 


Angle  Irons.  T  Irons.  Channel  Iron. 

Figs.  426,  427.  Figs.  428,  429.  Fig.  430. 
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I  .  .  i  + 

I  Beam  or    Double-headed   Flat-bottomed     Tram  Rail.  Sash  Bar. 

Joist.  Rail.  Rail. 

Fig.  431.         Fig.  4S2.  Fig.  483.  Fig.  434.  Fig.  435. 

Corrugated  Slieet  Iron  is  made  by  passing  sheets  through  grooved  rollers 
which  force  them  into  waves  or  corrugations  that  immensely  increase  their 
stiflfness  and  make  them  useful  for  roofing  and  other  purposes. 

Galvanised  Iron  is  iron  covered  with  a  coating  of  zinc  which  protects  it 
from  oxidation. 

Tests  for  Wrought  Iron. — For  all  structures  of  any  degree  of 
importance  the  tensile  strength  of  the  wrought  iron  used  should 
be  tested. 

A  good  iron  should  not  only  be  strong  but  ductile,  in  order 
that  it  may  not  snap  suddenly  but  stretch  slightly  under  the 
shocks  to  which  it  may  be  subjected. 

Such  iron  when  torn  asunder  by  slow  tension  in  a  testing 
machine  should  not  break  off  short  as  in  Fig.  436,^  but  draw  out 


Fig.  437. 


as  in  Fig.  437,^  not  only  becoming  longer,  but  also  being  reduced 
in  sectional  area  at  and  near  the  point  of  rupture. 

Tensile  Strength,  and  Elongation. — In  order  that  both  strength  and 
ductility  may  be  secured,  engineers  generally  specify  that  iron  bars  for  im- 
portant work  should  bear  a  tensile  stress  of  23  or  24  tons  per  square  inch, 
with  an  elongation  of  15  to  20  per  cent  in  8  inches.  Angle  irons,  T  irons, 
and  Plates  have  lower  tests. 

Rough  and  Forge  Tests. — Iron  may  be  further  tested  by  being  bent  hot  or 
cold  to  different  angles,  the  limbs  of  T  and  angle  irons  being  flattened  down 
and  rivets  doubled  cold  without  showing  any  signs  of  fracture.  If  they  can 
stand  such  tests  without  cracking  they  are  of  good  quality. 

Fractured  Surface. — "  Whenever  wrought  iron  breaks  suddenly  a  crystal- 
line appearance  is  the  invariable  result ;  when  gradually,  invariably  a  fibrous 
appearance."  ^ 

Small  uniform  crystals  or  fine,  close,  silky  fibres  indicate  a  good  iron.  Coarse 
crystals,  flaws,  blotches  of  colour,  loose  and  open  fibres,  are  signs  of  bad  iron. 
^  From  Kirkaldy's  Experiments  on  Iron  and  Steel. 
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STEEL. 

Steel  varies  very  much  in  its  characteristics  according  to  the 
amount  of  carbon  it  contains. 

Thus  Mild  or  Soft  Steel  contains  from  "lO  to  -40  per  cent  of 
carbon.    When  more  carbon  is  present  it  becomes  Hard  Steel 

Chaeacteristics. — Speaking  generally,  the  following  are  the 
characteristics  of  steel,  more  especially  as  regards  its  harder  varieties. 

Hardening. — When  raised  to  a  red  heat  and  suddenly  cooled 
it  becomes  hard  and  brittle,  thus  differing  from  wrought  iron, 
upon  which  this  treatment  has  no  effect. 

Tempering. — After  hardening  as  above,  the  steel  may  be 
softened  again  to  any  degree  by  reheating  and  again  cooling ;  in 
this  it  differs  from  cast  iron. 

Other  characteristics  of  steel  are  its  sharp  metallic  ring  when 
struck,  its  great  elasticity,  and  its  retention  of  magnetism. 

Methods  of  making  Steel. — Steel  is  generally  made  by  one  or 
the  other  of  the  following  processes,  in  accordance  with  the  class 
of  steel  required. 

Blister  Steel  is  produced  by  heating  bars  of  the  purest  wrought  iron  with 
charcoal  (carbon). 

It  has  a  crystalline  structure,  is  covered  with  blisters  and  full  of  cavities, 
which  render  it  unfit  for  edge  tools,  and  it  is  used  chiefly  for  conversion  into 
better  descriptions  of  steel. 

Shear  Steel  is  made  by  piling  short  lengths  of  blister  steel  and  welding 
them  together  under  the  hammer,  which  closes  the  cavities,  removes  the 
blisters,  and  produces  a  more  uniform  material  known  as  Single  Shear  Steel. 
A  repetition  of  the  piling  and  welding  produces  Double  Shear  Steel.  Shear 
steel  is  used  for  large  knives,  plane  irons,  shears,  etc. 

Crucible  Cast  Steel  is  made  by  melting  blister  steel  in  crucibles,  or  by 
meltmg  wrought  iron  with  the  addition  of  the  necessary  carbon  in  the  form 
of  charcoal.    It  is  used  for  the  best  tools  and  cutlery. 

Bessemer  Steel  is  produced  direct  from  pig  iron  which,  when  melted  in 
a  "  converter,"  is  deprived  by  a  blast  of  air  through  it  of  aU  its  carbon,  the 
amount  necessary  to  convert  it  into  steel  of  the  softness  required  is  then 
added  m  the  form  of  spiegeleisen,  a  variety  of  cast  iron  rich  in  carbon.  The 
resulting  metal  is  run  out  into  ingots,  which  are  hammered,  rolled  and 
worked  to  the  forms  required.  ' 

Bessemer  steel  is  much  used  for  rails  and  for  the  tyres  of  wheels,  also  for 
large  roofs  and  bridges,  constructional  work,  etc. 

Tlie  Basic  Process  is  somewhat  similar  to  Bessemer's,  but  that  the  con- 
verters are  lined  with  material  which  deprives  the  pig  iron  of  some  of  its 
impurities,  thus  enabling  iron  from  the  less  pure  ores  to  be  converted. 

The  Open  Hearth,  otherwise  known  as  the  Siemens  or  Siemens-Martin 
Process,  consists  in  melting  pig  iron  or  scrap  in  a  regenerative  furnace  and 
then  adding  various  substances,  so  that  the  molten  metal  may  contain  the 
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exact  amount  of  carbon  necessary  to  produce  the  description  of  steel  required. 
Steel  made  by  this  process  is  much  used  for  bridges,  roofs,  boiler-plates,  con- 
structional work,  etc. 

The  Open-Hearth  Process,  like  that  of  the  Bessemer  Converter,  may  be  either 
"  Acid  "  or  "  Basic."  These  terms  have  reference  to  the  chemical  composition 
of  the  material  used  for  lining  the  hearths.  At  the  present  time  the  greater 
portion  of  the  open-hearth  steel  manufactured  in  this  country  is  from  the 
"  Acid  "-lined  hearth,  requiring  the  use  of  an  ore  practically  free  from  the 
impurities  of  phosphorus  and  sulphur. 

Case-hardening  is  a  process  by  which  the  surface  of  wrought  iron  is  turned 
into  steel.  This  is  effected  by  red-heating  the  article  to  be  case-hardened 
when  immersed  in  bone  dust,  which  adds  carbon  to  the  surface  and  turns  it 
into  steel  to  the  depth  of  from  -/^  to-  |  inch.  The  parts  required  to  be 
hardened  are  then  quenched.  The  process  is  useful  for  keys,  and  other 
articles  where  a  hard  surface  is  required  to  be  combined  with  toughness. 

Tests  for  Steel. — The  remarks  made  at  p.  354  with  regard  to 
the  tests  for  wrought  iron  apply  also  to  steel,  except  that  in  the 
case  of  steel  the  forge  tests  are  much  more  important  than  for  iron. 

A  recent  specification  for  a  large  steel  bridge  requires  that  the  bars  and 
plates  must  have  a  tensile  strength  of  not  less  than  28  tons  or  more  than  31 
tons  per  square  inch,  an  elongation  of  not  less  than  20  per  cent  and  a 
limit  of  elasticity  of  15  tons.  For  further  information  on  the  tests  and  pro- 
perties of  mild  steel  for  roofs,  girders,  and  builder's  steelwork,  the  student 
is  referred  to  Part  III.,  chap.  iv. 

Working  Stresses  for  Iron  and  Steel. — The  ultimate  tensile 
stresses  to  which  iron  and  steel  are  subjected  when  tested  are 
the  hreahing  stresses.  When,  however,  they  are  used  in  structures 
it  is  so  arranged  that  the  members  of  iron  and  steel  should  be 
subjected  only  to  safe  worldng  stresses  such  as  certainly  will  not 
cause  fracture. 


Table  of  Breaking  and  Working  Stresses  for  Materials 
for  a  Dead  Load. 


Material. 

Breaking  Stress  in  Tons 
per  square  inch. 

"Working  Stress  in  Tons 
per  square  inch. 

Tension. 

Compression. 

Tension. 

Compression. 

Cast  Iron 
Wrought  Iron 
Mild  Steel 
Timber,  Fir  . 

Oak  . 

9 
23 
26  to  32 

ei 

48 
18 

3 

4i 

5 

6|  to  8 
\ 

2 

8 
4 

1 

3 
1 

Copper  is  found  in  the  metallic  state  or  is  smelted  from  ores. 
It  is  red  in  colour,  not  easily  oxidised,  very  malleable,  and 
has  a  greater  tensile  strength  than  any  metal  except  wrought 


iron  and  steel. 

It  is  used  by  the  builder  chiefly  for  slate  nails,  bell  wires,  and 
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lightning  conductors,  also  for  dowels,  bolts,  and  fastenings  in 
positions  where  iron  would  be  corroded  or  rusted,  and  sometimes 
for  covering  roofs  (see  Part  I.) 

Lead  is  reduced  from  ores.  It  is  an  extremely  soft  and 
plastic  metal — very  malleable,  fusible,  heavy,  and  very  wanting 
in  tenacity  and  elasticity. 

It  is  used  for  covering  flat  roofs,  for  flashings,  pipes,  bedding 
girders,  etc. 

Sheet  Lead  is  to  be  purchased  in  two  forms — cast  or  milUd ; 
both  are  described  according  to  their  superficial  weight.  Thus 
7  lb.  lead  means  lead  weighing  7  lbs.  per  square  foot. 

Cast  Lead  is  thicker,  heavier,  and  with  a  harder  surface 
than  milled  lead,  but  subject  to  flaws  and  sand-holes,  and  of 
irregular  thickness.  It  is  cast  in  sheets  from  16  to  18  feet  long 
and  6  feet  wide. 

Milled  Lead  is  rolled  out  thinner  than  the  other,  is  more 
uniform  in  thickness,  bends  easily  and  makes  neater  work,  but 
is  not  so  durable  as  cast  lead. 

The  Weights  of  Sheet  Lead  generally  used  for  Roofs  are  as 
follows : — 


Lead  Pipes  of  very  large  diameter  may  be  made  out  of  sheet 
lead,  but  smaller  ones  should  be  drawn. 

Zinc  is  obtained  from  ores  of  the  metal.  It  is  easily  fusible, 
malleable  when  pure,  soon  destroyed  by  air  containing  acid. 

It  is  used  by  the  builder  for  roof  coverings,  gutters,  cisterns, 
chimney  pots,  slate  nails,  ornaments,  and  for  covering  iron  (gal- 
vanising) to  keep  it  from  rusting. 

Good  sheet  zinc  is  of  uniform  colour,  tough,  easily  bent  back- 
wards and  forwards  without  cracking.  The  gauges  used  for  roofs 
are  mentioned  in  Part  I. 

Tin  is  used  for  lining  lead  pipes  and  for  small  gas  tubing.  It 
is  very  soft,  weak,  and  malleable,  and  more  easily  fusible  than 
any  other  metal. 


Aprons  and  Flashings 

Roofs 

Flats 

Gutters 

Hips  and  Ridges 


lbs.  per  square  foot. 
5 


6  to  8 


6  or  7 


Chapter  XIV. 


STRESSES  IN  STRUCTURES. 

THE  subject  of  stresses  in  beams,  simple  or  trussed,  in  braced 
structures  such  as  roof  principals  or  lattice  girders,  in 
columns  or  struts,  and  ties,  together  with  the  stability  of  walls 
and  arches,  is  fully  dealt  with  in  Part  IV.,  "Calculations  for 
Building  Structures."  The  present  chapter  deals  in  an  elementary 
manner  with  a  few  of  the  simpler  problems  in  the  theory  of 
construction. 


Stress  and  Strain. — When  a  load  or  any  force  acts  upon  a 
structure  or  piece  of  material,  it  produces  a  change  of  form  which 
is  called  the  strain.  The  internal  forces  called  out  in  the  material 
to  resist  this  strain  are  called  the  stress. 

Thus  a  load  hanging  from  a  bar  of  iron  lengthens  it,  causing  a  strain, 
and  calls  out  in  it  the  resistance  of  the  fibres  which  are  under  a  tensile  stress. 

These  two  terms  are  sometimes  used  indiscriminately,  but  it  is  more  accurate  to 
make  the  above  distinction  between  them. 

The  Nature  of  the  Stresses  to  which  the  different  Parts  of 
Simple  Structures  are  subjected. 

These  stresses  are  as  follows : — 

Tension  is  the  stress  produced  by  pulling ;  it  elongates  the  body 
upon  which  it  acts,  and  tends  to  cause  rupture  by  tearing  it  asunder. 

Thus  if  a  rope  or  a  bar  of  iron  is  subjected  to  a  sufficient  pulling  or  ten- 
Bile  stress  it  will  break  or  tear  across. 

Compression  is  the  stress  produced  by  pressure  ;  it  shortens  the 
body  to  which  it  is  applied  and  tends  to  cause  rupture  by  crushing. 

Thus  a  block  of  stone  bearing  a  weight  is  under  compression,  and  if  the 
weight  is  sufficient  it  will  be  crushed. 

Transverse  Stress  is  one  caused 

by  bending  the  body  on  which  it    ^-..^   (^^J 

acts,  and  it  tends  to  break  it  across. 

Thus  the  weight  in  Fis.  438  bends  the 
beam  as  shown,  until,  if  the  weight  is  ^  s-   ^  • 

sufficiently  increased,  the  beam  will  break  across  as  in  Fig.  439. 
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Fig.  439. 

Shearing  Stress  is  that  produced  when  one  part  of  a  body  is 
forcibly  pressed  or  pulled  so  as  to  tend  to  make  it  sHde  over 
another  part. 

Thus  when  two  plates  riveted  together  as  in  Fig.  440  are  separated 


I 


L 


Fig.  440.  Fig.  441. 

by  pulling  (or  pushing)  in  opposite  directions  one  plate  slides  upon  the  other 
and  the  rivet  is  sheared  as  in  Fig.  441. 

Bearing  Stress  is  that  which  occurs  when  one  body  presses 
against  another  so  as  to  tend  to  produce  indentation  or  cutting. 


Fig.  442.  Fig.  443. 

In  Fig.  442  the  plates  a  and  I  being  pulled  in  opposite  directions,  the 
rivet  c  being  of  harder  iron  than  the  plate  has  borne  upon  it,  making  the 
hole  larger,  as  shown  at  tZ,  Fig.  443. 

Load. — The  load  or  weight  upon  a  beam  may  be  either  con- 
centrated at  the  centre  as  in  Tig.  444,  or  uniformly  distributed 
over  the  whole  beam  as  in  Fig.  445. 

w  vv 


Fig.  444. 
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There  may  be  concentrated  loads  at  any  point  or  points  in  the 


Fig.  448. 

length  of  the  beam,  as  in  Figs.  446  and  447  ;^  or  the  load  may 
be  uniformly  distributed  over  a  portion  only  of  the  beam,  as  in 
Fig.  448. 

Weight  of  Beam. — In  addition  to  the  external  loads  represented 
in  the  figures  by  W  and  w,  the  weight  of  the  beam  or  girder 
itself  must,  when  it  is  large  and  heavy,  be  considered. 

A  Dead  Load  is  one  which  is  very  gradually  and  steadily 
applied,  and  which  remains  steady. 

Thus  water  poured  gradually  into  a  tank,  supported  by  a 
girder,  would  be  a  dead  load,  and  so  would  the  tank  and  the 
weight  of  the  girder  itself. 

A  Live  Load  is  one  which  is  suddenly  applied,  as  in  the  case 
of  trains  coming  suddenly  upon  a  bridge.  It  is  generally  taken 
as  equivalent  in  effect  to  double  its  amount  of  dead  load.  Thus 
a  live  load  of  10  tons  would  produce  the  same  amount  of  stress 
as  a  dead  load  of  20  tons. 

A  Mixed  Load,  consisting  partly  of  live  load  and  partly  of  dead  load,  may 
be  reduced  to  an  equivalent  amount  of  dead  load  by  doubling  the  live  load 
and  adding  it  to  the  dead  load. 

Thus,  if  a  structure  weighs  500  tons  (dead  load),  and  is  subject  to  a  live 
load  of  900  tons, the  equivalent  deadload would  beSOO  +  (2  x  900)  =  2300tons. 

The  Breaking  Load  for  any  structure  or  piece  of  material  is 

that  dead  load  which  will  just  produce  fracture  in  the  structure 

or  material. 

The  Working  or  Safe  Load  is  the  greatest  dead  load  which  the 
structure  or  material  can  safely  be  permitted  to  bear  in  practice. 

^  The  small  italic  letters  in  Fig.  447  may  be  ignored  for  the  present.  They  are 
explained  in  Part  IV.    The  numbers  in  Fig.  448  are  explained  at  p.  371. 
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The  Breaking  Stress  is  that  caused  by  the  breaking  load;  it  is 
sometimes  called  the  ultimate  stress. 

The  Working  Stress  is  that  caused  by  the  working  or  safe  load; 
it  is  sometimes  called  the  Limiting  or  Safe  Stress. 

It  is  evident  that  structures  intended  to  stand  must  not  be 
subjected  to  breaking  loads  or  breaking  stresses,  but  only  to  safe 
loads  and  working  stresses  (see  Table,  p.  356). 

The  Factor  of  Safety  is  the  ratio  in  which  the  breaking  load 
or  stress  exceeds  the  working  load  or  stress. 

That  is,  it  is  the  figure,  by  which  the  breaking  load  or  stress  is 
divided  to  obtain  the  working  load  or  stress. 

Thus  if  the  breaking  tensile  stress  of  a  bar  of  iron  is  20  tons 
per  square  inch,  and  it  is  subjected  to  a  working  stress  of  only  5 
tons,  the  factor  of  safety  is  ^-J)  =  4. 

Beams  supported  at  Ends,  fixed  at  one  or  both  Ends,  or 
continuous,  and  Cantilevers,  to  know  which  Parts  of  the 
Beam  are  in  Compression  and  which  in  Tension. 

Supported  Beams. 

Beam  suppoeted  at  both  Ends  with  Breaking  Load  in 
THE  Centee. — A  rectangular  wooden  beam,  supported  at  the  ends, 
when  subjected  to  a  concentrated  load  greater  than  it  can  bear 
breaks  as  shown  in  Fig.  449. 


Fig.  449. 


The  beam  bends,  sinking  most  just  under  the  weight,  and  the 
fibres  of  the  upper  portion  of  the  beam  are  crushed,  and  those  of  the 
lower  portion  torn  asunder,  as  shown  on  a  larger  scale  in  Fig.  450. 


Fig.  450. 
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Beam  supported  at  both  Ends  and  with  a  uniformly  Dis- 
tributed Load. — A  load  uniformly  distributed  over  the  beam 
would  produce  rupture  in  the  same  way,  but  that  the  form  of  the 
beam  before  rupture  would  be  slightly  different. 

A  Beam  supported  at  both  Ends  and  subject  to  a  Safe 
Load — that  is,  one  much  smaller  than  is  required  to  break  it — 


Neutrcm 


rw 

Fig.  451. 

will  bend  to  a  certain  extent,  and  the  fibres  of  the  upper  part  of 
the  beam  will  be  in  compression,  and  those  of  the  lower  part  in 
tension,  as  shown  in  Fig.  451.  There  is  a  layer  between  the 
upper  and  the  lower  fibres,  in  which 
there  is  neither  compression  nor  ten- 
sion, which  is  called  the  neutral  layer. 

A  Cantilever,  however  it  may  be 
loaded,  has  the  upper  fibres  in  tension 
and  the  lower  in  compression,  as  shown 
in  Eig.  452. 

Fixed  Beams. 

A  Beam  fixed  at  both  Ends — that  is,  so  fixed  that  the  ends 
cannot  tilt  up  when  the  beam  is  loaded — is  shown  in  Eig.  453. 

Such  a  beam  is  in  the  condition  of  two  cantilevers.  A/  and 
B-i,  carrying  a  beam  fi  between  them,  which  is  supported  at  its 
ends  /  and  i  by  hanging  from  the  ends  /  and  i  of  the  cantilevers. 

From  the  figure  it  will  be  seen  that  the  upper  portion  of  the 
beam  is  in  tension  from  A  to  /  and  from  B  to  ^ ;  the  remainder 
from  i  to  /  is  in  compression. 


Eig.  452. 
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The  lower  portion  of  the  beam  is  under  compression  from 
A  to  /  and  B  to  i,  the  central  portion  if  being  in  tension. 

It  will  be  noticed  that  at  the  points  i  and  /  the  nature  of  the 
stress  in  each  case  changes ;  i  and /  are  called  the  points  of  contra- 
flexure,  and  their  distances  from  A  and  B  depend  upon  the  form 
of  section  of  the  beam,  and  the  distribution  of  the  load,  etc. 
Eoughly  speaking,  the  points  of  contraflexure  are  generally 
distant  about  ^  of  the  span  from  the  abutments. 


t      t  t 
Fig.  454. 

A  Beam  fixed  at  one  End  and  suppokted  at  the  othee 
(Fig.  454)  is  like  a  combination  of  a  cantilever  A/  and  a  sup- 
ported beam  /B ;  and  the  portions  in  tension  and  compression 
respectively  are  shown  by  the  letters  ttt  and  ccc. 

A  CONTINUOUS  Beam  is  one  that  extends  without  break  in 
itself  over  two  or  more  spans. 


Neutn 


iX-L^-L-Ucc 


hU_c 


t   t   t  t 


t  t  t  t 


ayer 


Fig.  455. 

If  the,  ends  are  fixed  the  compressions  and  tensions  will  be  as 
shown  by  ccc  and  ttt  in  Fig.  455,  resembling  those  of  two 
fixed  beams. 


Fig.  456. 

If  the  ends  are  supported  the  stresses  will  be  as  shown  in  Fig. 
456,  the  arms  in  each  span  being  like  those  of  a  beam  fixed  at 
one  end  and  supported  at  the  other.    (Fig.  454.) 


Difference  in  Strength  of  a  Girder  carrying  a  given  Load 
at  its  Centre  or  Uniformly  Distributed. 

On  Beams. — A  beam  that  can  bear  a  given  load  concentrated 
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at  its  centre  can  bear  twice  that  load  uniformly  distributed  over 
its  length. 

Thus  if  the  beams  in  Figs.  444,  445  are  similar,  and  the  one 
in  Fig,  444  could  bear  a  concentrated  load  of  400  lbs.,  that  in 
Fig.  445  could  bear  a  distributed  load  of  800  lbs. 

On  Cantilevers. — Similarly  a  cantilever  that  can  just  bear  a 
given  load  suspended  from  its  outer  end  can  bear  twice  that  load 
if  it  is  distributed  over  its  length. 

Difference  in  Strength,  between  Beams  of  uniform  Section  supported  at 
both.  Ends  and  those  fixed  at  both  Ends,  or  fixed  at  one  End  and  sup- 
ported at  the  other. 

A  beam  fixed  at  both  ends,  with  a  concentrated  load  at  the  centre  is  twice  as 
strong  as  the  same  beam  supported  at  both  ends  and  similarly  loaded. 

A  team  fixed  at  both  ends,  with  a  uniform  load  throughout  its  length  is 
times  as  strong  as  the  same  beam  supported  at  both  ends  and  similarly  loaded. 

A  beam  fixed  at  one  end,  and  stipported  at  the  other,  with  a  concentrated  load 
in  the  centre  is  1-^  times  as  strong  as  the  same  beam  supported  at  both  ends 
and  similarly  loaded. 

A  beam  fixed  at  one  end  and  supported  at  the  other,  with  a  uniform  load 
throughout  its  length  is  of  the  same  strength  as  the  same  beam  supported  at 
both  ends  and  similarly  loaded. 

Best  Forms  for  Struts,  Ties,  and  Beams,  such  as  floor  joists 
exposed  to  transverse  Stress. 

Best  Form  for  Struts. 

Timber  Struts  should  be  rectangular  in  section,  and  of  the  same 
section  throughout. 

Cast-iron  Struts  may  be  of  these  cross  sections, 
and  tapering  in  their  length,  widening  from  one 
end  to  the  other  as  in  a  column,  or  from  both  ^ig-  ^^7.    Fig.  458. 
ends. 

Mild  Steel  or  Wrought-Iron  Struts  are  often  of  these  cross 
sections. 

a  h  c  d  ^  f  Q 

L     T     +     I     L_i     □  IC 

Fig.  459.  Fig.  460.  Fig.  461.  Fig,  462.  Fig.  463.  Fig.  464.  Fig.  465. 
Of  these  a,  h,  d,  and  e  are  simple  rolled  sections, 
c  and  /  would  be  built  up,  g  consists  of  flat  bars 
kept  apart  by  cast-iron  distance  pieces.  Fig. 
466  is  an  elevation  of  ff,  for  the  other  forms  the 
section  is  uniform  throughout  the  length  of  the 
strut ;  g  is  useful  for  struts  of  small  roofs. 

Long  Struts  or  Compression  Bars  are  those  which 
are  so  long  in  proportion  to  their  width  that  they  fail 
by  bending  before  crushing. 
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Short  Struts  or  Compression  Bars  are  those  which  do  not  bend  under 
the  load,  but  fail  by  actual  crushing. 

Long  Struts  fixed  at  the  Ends  are  theoretically  stronger  than 
those  of  which  the  ends  are  hinged  or  rounded.  If  both  ends 
are  fixed  they  are  theoretically  3  times,  if  one  end  only  is  fixed, 
1^  times,  as  strong. 

Best  Form  for  Ties. 

Any  cross  section  consistent  with  proper  end  connections  is 
suitable  for  a  rod  or  bar  in  tension  whether  it  be  made  of  timber 
or  wrought  iron.    Cast  iron  should  never  be  used  for  ties. 

Best  Form  for  Beams  subject  to  Transverse  Stress. 

Timber  Beams  may  be  of  rectangular  cross  section  uniform 
throughout  their  length.  The  deeper  they  are  the  better  both  for 
strength  and  stiffness. 

Iron  Girders  are  of  a  section  roughly  resembling  an  I,  the 
upper  and  lower  horizontal  portions  are  called  the  flanges,  and 
the  upright  portion  the  web. 

Cast-Iron  Beams  should  have  a  cross  section  in  which  the 
lower  flange  to  resist  tension  should  have  an  area  from  four  to 
six  times  as  great  as  that  of  the  upper  flange  which  is  to  resist 
compression  (see  Parts  I.  and  IV.) 

Fig.  467  shows  a  section  with  flanges  having  areas  as  6  to  1, 
and  Fig.  468  with  flanges  as  4  to  1. 
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Fig.  470. 
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The  flanges  are  sometimes  made  to  differ  in  thickness  as  in 
Fig.  467,  the  web  tapering  from  one  to  the  other,  or  the  metal 
may  be  of  equal  thickness  throughout  as  in  Fig.  468. 

ELEVA  TION. 


Fig.  471. 


\ 

PLAN  ^^^^^^^^^^ 

t 

1 

Fig.  472.  1 

Figs.  469,  470,  are  the  elevation  and  plan  of  a  girder  of  uniform 
width,  the  depth  being  varied  according  to  the  stress  to  be  borne. 
Figs.  471,  472,  are  the  elevation  and  plan  of  a  girder  of  uniform 
depth,  the  width  of  the  flanges  being  varied  to  suit  the  stress. 

EoLLED  Joists  of  steel  or  iron  are  of  uniform  section 
like  Fig.  473  throughout,  the  flanges  being  similar  and  of 
equal  area. 

Plate  Girders  are  also  of  a  general  I  form,  built  up 
with  a  plate  and  angle  irons,  riveted  together  as  in  Figs. 
474-476,  or,  where  additional  strength  is  required,  with 
one  or  more  plates  in  the  flanges  (one  plate  is  shown  in  Fig.  473, 
Fig.  476),  and  stiffeners  to  support  the  web. 

Sectimi. 


I 


Section, 


Elevation. 


Fig.  474. 


Fig.  475. 


In  the  ordinary  kinds  of  "Wooden  or  Iron  Roof  Trusses  and 
Framed  Structures  of  a  similar  description  to  distinguish 
the  Members  in  Compression  from  those  in  Tension. 


There  is  no  very  short  and  simple  method  for  ascertaining 
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whether  the  members  of  a  truss  are  in  tension  or  compression 
under  a  given  load  in  any  position.. 

The  information  can  be  easily  obtained,  but  the  methods  em- 
ployed cannot  be  explained  in  these  very  short  notes.  They  are 
fully  explained  in  Part  IV. 

When  the  loads  vary  from  time  to  time  in  position,  a  member 
which  may  with  one  position  of  the  loads  be  in  tension  may  with 
another  position  of  the  load  have  no  stress  upon  it,  or  even  one  of 
an  opposite  nature. 

Thus  in  an  ordinary  king-post  roof  (see  Tig.  481)  the  wind 
blowing  from  the  right  causes  a  compressive  stress  upon  the  strut 
on  that  side,  but  no  stress  whatever  on  the  other  strut,  and  when 
the  wind  is  from  the  left,  the  stresses  on  the  struts  are  just  reversed. 

The  student  can,  however,  easily  learn  and  carry  in  his  head 
the  nature  of  the  stresses  to  which  each  member  of  a  roof  truss 
is  practically  subjected. 

In  Plate  lY.  Part  I.  and  in  Figs.  477  to  482,  which  give  various 
forms  of  roof  trusses,  each  of  the  members  shown  in  thick  lines  is 
in  compression,  and  each  of  those  shown  in  thin  lines  is  in  tension, 
under  all  loads  that  can  practically  come  upon  the  roof,  such  as 
the  weight  of  the  roof,  of  snow  lying  upon  it,  and  the  pressure  of 
the  wind  upon  both  sides  in  turn. 

Roofs  Generally. 

Members  in  Compression. — Generally  speaking  all  rafters,  struts, 
straining  beams,  etc.,  are  in  compression. 

Members  in  Tension. — All  king  posts,  queen  posts,  and  rods, 
and  all  tie  beams  or  tie  rods  are  in  tension. 

Members  under  Transverse  Stress. — Principal  rafters  loaded  by 
purlins  or  roof-covering  along  their  length,  between  the  points 
at  which  they  are  supported,  as  in  Fig.  481,  are  subject  to  trans- 
verse stress  as  well  as  compression,  and  tie  beams  carrying  ceiling 
joists  are  also  subject  to  transverse  stress. 

Timber  Eoofs. — Figs.  477  to  482  give  skeleton  diagrams  of 
ordinary  roof  trusses  (see  also  Plate  IV.  Part  I.) 


Couple  Boof  (Fig.  477)  and  Tied  Couple  Roof  (Fig.  478). — The 
rafters  are  in  compression,  and  the  tie  in  Fig.  478  is  in  tension. 
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Fig.  479.         *~"'^'  Fig.  480. 

Collar  Beam  Roof. — In  this,  so  long  as  the  walls  stand  firm 
(Fig.  479),  the  beam  is  a  strut  and  supports  the  rafters,  but  if  the 
walls  are  weak  and  give  way,  the  beam  becomes  a  tie  as  shown 
in  rig.  480. 


Fig.  482. 


King-Post  Roof  and  Queen- Post  Roof  (Figs.  48 1,  482).^ — Nothing 
need  be  said  about  these,  except  that  in  Fig.  481  the  principal 
rafters  being  loaded  by  the  roof-covering  between  their  points  of 
support  are  subject  to  transverse  stress,  as  well  as  the  compres- 
sion upon  them,  and  the  tie  beam  being  loaded  by  the  ceiling 
is  also  subject  to  transverse  stress  as  well  as  tension. 

When  the  purlins  are  only  at  the  points  at  which  the  prin- 
cipal rafter  is  supported,  as  in  Fig.  482,  it  is  not  subject  to 
transverse  stress,  nor  is  the  tie  beam,  where  there  is  no  ceiling. 

Other  Pramed  Structures. 

Trussed  Beams. — The  diagrams,  Figs.  483,  484,  show  by  thick 
lines  the  members  in  compression,  and  in  thin  lines  the  members 
in  tension  in  trussed  beams  (see  Parts  I.  and  IV.) 


Fig.  483.  Fig.  484. 

These  will  be  the  same  in  nature  though  not  in  amount,  whether 
the  load  be  distributed  along  the  upper  surface  or  concentrated 
at  points. 

When  the  load  is  distributed  between  the  points  where  the 
bracing  joins  the  upper  beam,  the  latter  is  of  course  subject  to 
transverse  stress  as  well  as  to  compression. 


/\/\/\/\/\A  JXXXXXXXXI 


Warren  girder. 
Fig.  485, 


Lattice  girder. 
Fig.  486. 
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Fig.  487.  Fig.  488. 


Braced  Girders. — Figs.  485  to  488  are  common  forms  of 
braced  girders,  and  they  show  by  thick  lines  the  members  in 
compression,  and  by  thin  lines  the  members  in  tension,  when 
the  girders  are  carrying  loads  uniformly  distributed  along  the 
lower  flange  or  at  the  points  where  the  braces  join  that  flange. 

The  stresses  will  be  similar  in  character  when  the  load  is  on 
the  upper  flange,  but  in  Fig.  487  an  additional  bar  will  have  to 
be  introduced  as  dotted,  and  it  will  be  in  compression. 

Such  girders  are  frequently  suspended  between  their  abutments 
from  the  ends  of  their  upper  flanges  ;  in  such  a  case  the  construc- 
tion at  the  ends  of  the  girder  is  slightly  different,  but  the  nature 
of  the  stresses  is  practically  the  same  as  shown  in  the  Figures. 

In  the  case  of  a  concentrated  or  uniform  load  upon  any  part  of 
a  beam  supported  at  both  ends  to  ascertain  the  proportion 
of  the  load  transmitted  to  each  point  of  support. 

Concentrated  Load  in  Centre  of  Beam. — If  a  concentrated 


w 

2  ' 

'  2 

1  .....^ 

Fig.  489. 


weight  W  be  placed  upon  the  centre  of  a  beam  supported  at  the 
ends,  then  half  the  weight  is  borne  at  each  end.  Thus  in  Fio-. 
489  half  the  weight  W  is  borne  on  each  abutment. 

Load  uniformly  distributed  over  whole  Length  of  Beam. — 
If  a  load,  8  w  etc.,  Fig.  490,  is  uniformly  distributed  over  a 
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Fig.  490. 


^  Sometimes  called  Whipple- Murphy  girder. 
B.C.  II  2b 
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beam,  then  again  half  the  load  (in  this  case  4  w)  is  borne  by  each 
abutment. 

Weight  of  the  Beam  itself. — The  weight  of  the  beam  itself 
is  like  a  uniform  load,  and  half  that  weight  is  supported  by  each 
abutment. 

Load  at  any  Point  of  Beam. — The  proportion  of  the  load 
borne  by  each  support  may,  avoiding  formulas,  be  found  by  the 
following  rule. 

EuLE. — If  a  load  is  placed  anytohere  on  a  beam  supported  at 
both  ends,  then  the  proportion  of  the  load  borne  by  either  support  is 
equal  to  the  load,  multiplied  by  the  distance  from  its  centre  of 
gravity  to  the  other  support,  and  divided  by  the  length  of  the  beam 
between  the  supports. 

Concentrated  Load. — Thus  in  Fig.  491  the  load  W  is  400 
lbs.,  and  it  is  distant  5'  0"  from  A  and  10'  0"  from  B. 


MO  lbs 


Fig.  491. 


The  proportion  of  W  borne  at  A  is  equal  to 
400  lbs.  X  10  feet 


W  X  distance  DB 


Length  AB 


%.e.  = 


15  feet 


=  266f  lbs. 


The  proportion  of  W  borne  at  B  is  equal  to 
400  lbs.  X  5  feet 


W  X  distance  DA 


Length  AB 


%.e.  = 


15  feet 


=  1331  lbs. 


Beaction. — The  proportion  of  the  load  borne  by  each  support  is  called 
the  reaction  at  that  support.  In  Fig.  491  the  reaction  at  A  is  shown  as 
^  =  TT  X  4*^0.    Reaction  at  B,  R  =     .x  400. 


Load  uniformly  distributed  over  Central  Part  of  the 
Length  of  a  Beam. — In  this  case  the  load  may  be  considered  as 
acting  through  its  centre  of  gravity,  and  then  its  reactions 
are  found  as  in  the  case  of  a  concentrated  load  at  the  centre. 
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Thus  if  the  load  were  uniformly  spread  over  an  equal 
tance  on  each  side  of  the  centre 
of  the  beam  as  in  Fig.  492,  then 
half  the  load  is  borne  by  each 
support. 

Similarly  when  the  uniform 
load  is  made  up  of  a  number  of 
weights  4  w,  then  each  support 
takes  2  iv.  Fig.  492. 


dis- 


1 

i        i  I  i  i 

5'„0'—: 


f  10'  0 


Fiff.  494. 


Fig.  493. 

Load  uniformly  disteibuted  over  any  Part  of  the  Length 

OF  A  Beam. 

In  this  case  the  load  is  equivalent  to  a  single  concentrated  load 
P  miis  F  at  the  centre  of  gravity 


of  the  distributed  load. 

Thus  in  Fig.  494  the 
weight  of  the  tank 
which  is  distributed 
over  E  F  may  be 
taken  as  acting  at  D 
through  its  centre  of 
gravity. 

The  reactions  are 
then  just  the  same  as 
in  the  case  illustrated 
in  Fig.  491. 

Again  when  the  distributed  load  is  made  up  of  separate  weights 
as  in  Fig.  495,  they  may  be  considered  as  acting  through  their 
common  centre  of  gravity,  and  the  reactions  are  again  the  same 
as  shown  in  the  Fig.  491. 

Any  Number  of  Concentrated  Loads  on  a  Beam. — When 
the  loads  are  unequal,  and  placed  unsymmetrically,  the 
reaction  of  each  at  each  support  is  found  in  turn.  The  total 
reaction  at  either  support  will  be  the  sum  of  the  reactions  pro- 
duced by  each  weight  at  that  support. 


Fiff.  495. 
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Take  a  simple  case,  with  only  two  unequal  weights  placed  unsymmetri- 
cally,  as  shown  in  Fig.  496. 


W2 


Ji 


*  jo;,o-  -* 

i 

1 
1 

700  lbs 

'SOO  lis 

Fig.  496. 

Applying  the  rule  given  above  for  a  single  weight  not  in  the  centre  of 
the  beam,  we  have — 

at  A  at  B 

„  ^  .        ,  ^  , 

Reaction  produced  by 


i^Wi  =  i|.  300  =  150 
2      •  ^^Wo=if.lOO=  75 
Total  reaction  produced  by      +  Wg, 
i.e.  by  300  +  100  lbs. 


i*Wi=i^  300  =  150 
■i^W2=.tTi-  100=  25 


225  lbs. 


175  lbs. 


IsT.B. — The  consideration  of  bending  moments,  moments  of  resist- 
ance, shearing  stresses,  etc.,  and  calculations  for  strength,  even  for 
the  simplest  beams,  does  not  form  a  fart  of  this  volume  but  is 
entered  ufon  in  Part  IV. 
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GLOSSARY  OF  ELECTEICAL  TERMS 

The  following  are  practical  and  popular,  as  distinguished  from  scientific  and  legal, 
definitions  of  terms  in  fregnent  use. 

Alternating  Current. — A  current  whose  direction  is  reversed  several  times  a 

second  (symbol  A.C.). 
Alternator. — A  dynamo  developing  alternating  currents. 

Ampere. — The  unit  of  current  =  the  current  forced  through  a  resistance  of 

one  ohm  by  one  volt  (symbol  Amp.). 
Calorie. — A  unit  of  heat.    1  calorie  =  0'003968  British  thermal  units. 
Choking  Coil. — A  coil  of  wire  in  an  alternating  circuit,  acting  like  a  resistance 

in  a  continuous  current  circuit. 
Circular  Mill. — A  circle  whose  area  is  one  square  mill.    (See  Mill.) 
Condenser. — An  appliance  for  adding  electrical  capacity  to  a  circuit. 
Continuous  Current. — A   current   flowing   continuously  in  one  direction 

(symbol  CO.),    Also  called  Direct  Current  (symbol  D.C.). 
Continuous  Current  Transformer. — A  machine  having  two  commutators  and 

two  armature  windings  on  one  core,  for  transforming  the  voltage  of 

supply. 

Coulomb. — The  unit  of  quantity  representing  the  amount  of  electricity 

conveyed  by  one  ampere  per  second. 
Cycle. — In  alternating  currents,  a  period  during  which  the  current  starting 

from  zero  attains  its  maximum  positive  and  negative  values,  and  returns 

to  zero. 

Dielectric. — An  insulating  substance. 

Direct  Current. — Same  as  continuous  current  (symbol  D.C.). 

Dynamo. — A  machine  which  converts  mechanical  into  electrical  energy. 

Earth. — A  term  signifying  the  potential  of  the  earth.    The  act  of  imparting 

the  potential  of  the  earth  to  any  conductor  or  apparatus. 
Economy  Coil. — A  coil  for  suppyling  arc  lamps  on  alternating  current  circuits 

with  steady  current  at  the  proper  voltage. 
Electrolysis. — The  splitting -up  of  a  liquid  into  its  constituent  elements  by 

means  of  electricity.    The  corrosive  action  of  stray  currents  on  water 

or  gas  pipes. 

Electromotive  Force. — -The  force,  measured  in  volts,  which  tends  to  force  a 
current  through  a  resistance  (symbol  E.M.F.).  See  Potential  Difference, 
Pressure,  Tension,  and  Voltage. 

Energy. — The  capacity  to  do  work.  Commonly  measured  in  watt-hours.  The 
commercial  unit  is  1000  .watt-hours  =  one  Board  of  Trade  Unit. 
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Farad. — The  unit  of  capacity.    A  condenser  of  one  farad  capacity  will  be 

charged  to  the  potential  of  one  volt  by  one  coulomb. 
Feeder. — A  cable  run  from  the  generating  station  to  a  point  of  the  distributing 

network,  in  order  to  maintain  the  voltage. 
Frequency. — The  number  of  cycles  per  second  in  alternating  current.  Also 

called  Periodicity. 

Henry. — The  unit  of  inductance.  The  amount  of  inductance  in  a  circuit 
when  the  current  is  changing  at  the  rate  of  one  ampere  per  second,  and 
producing  a  difference  of  pressure  of  one  volt. 

Horse-Power. — A  practical  unit  of  work;  one  horse-power  (H.P.)  =  33,000 
foot-pounds  per  minute.  Brake  horse-power  (B.H.P.)  =  the  available 
horse-power  at  the  pulley.  Electric  horse-power  (E.H.P.)  =  746  watts. 
Indicated  horse-power  (I.H.P.)  =  the  calculated  horse-power  from  the 
mean  steam  pressure  on  the  piston,  i.e.  the  horse-power  put  into  an 
engine.  Nominal  horse -power  (N.H.P.)  =  a  purely  arbitrary  unit 
varying  with  different  makers. 

Impedance. — The  equivalent  to  resistance  in  alternating  current  circuits, 
where  Ohm's  law  does  not  hold  good. 

Joule. — The  unit  of  energy  =  the  work  done  in  one  second  when  one  ampere 
flows  under  a  potential  difference  of  one  volt,  or  when  one  coulomb 
is  transferred  through  a  potential  difference  of  one  volt. 

Kilowatt. — One  thousand  watts  (symbol  KW.) 

Load. — The  work  being  done  by  any  converter  of  energy. 

Megohvi. — -One  million  ohms.  The  practical  unit  of  insulation  resistance 
(symbol  12). 

Mho. — The  unit  of  conductivity.    The  reciprocal  of  the  ohm. 
Mill. — One  mill  =  y^g^  inch.    (See  Circular  Mill.) 
Ohm. — The  unit  of  electrical  resistance. 

Parallel. — To  connect  in  parallel  is  to  connect  two  or  more  lamps  or  other 

appliances  across  the  main  leads  of  supply. 
Period. — The  time  taken  for  a  complete  cycle  in  an  alternating  current. 
Periodicity. — -See  Cycle. 

Phase. — In  alternating  currents,  the  fraction  of  the  whole  period  which  has 

elapsed  since  the  commencement  of  the  period. 
Pole. — The  termination  or  end  of  a  magnet. 

Polyphase. — Having  two  or  more  phases.  A  polyphase  current  is  one  com- 
pounded of  two  or  more  single-phase  currents ;  the  phases  being  180°  apart 
in  a  two-phase  current,  120°  apart  in  a  three-phase  current,  and  so  on. 

Potential  Difference  (symbol  P.D.).  The  difference  of  potential  between  two 
conductors  of  an  electrical  circuit,  or  two  poles  of  any  electrical 
apparatus. 

Power. — The  rate  of  doing  work. 

Pressure. — Potential  difference. 

Belay. — An  instrument  placed  in  series  with  a  main  circuit,  which  brings 

into  action  a  local  circuit.    In  bell,  telephone,  and  similar  circuits  it  is 

practically  an  automatic  electro-magnetic  switch. 
Resistance. — The  ratio  of  electromotive  force  in  a  conductor  to  the  current 

produced  (symbol  E.).    The  unit  is  the  ohm. 
Resistance. — A  coil  of  wire  for  the  regulation  of  voltage  in  a  continuous 

current  circuit. 

Secohm. — The  unit  of  self-induction,  another  name  for  the  henry. 
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Secondary. — Secondary  coil  or  winding. 

Series.  To  join  in  series  is  to  connect  lamps  or  electrical  appliances  on  a 

circuit,  one  after  the  other. 
Short  Circuit. — An  unintentional  connection  bridging  a  source  of  electric 

supply  with  a  low  resistance. 
Shunt. — A  by-pass  for  current. 

Solenoid.— A.  coil  of  wire  used  for  electro-magnetic  purposes. 

Standard  Candle.— A  spermaceti  candle,  |  in.  diameter,  weighing  ^  lb.,  and 

burning  120  grains  per  hour. 
Synchronism.— The  concurrence  of  the  movement  of  two  instruments,  such 

as  clocks,  meters,  etc.;  or  the  phase  coincidence  of  two  alternators, 

which  are  then  said  to  be  in  step. 
Tension. — Potential  difference. 
Volt.  The  unit  of  electromotive  force  (symbol  V.). 

Voltage.  The  difference  of  potential  between  two  conductors  of  a  circuit,  or 

two  poles  of  any  electrical  apparatus. 
Voltamphe. — A  watt. 

fVatt. — The  practical  unit  of  electrical  power.    Volts  x  amperes  =  watts. 
Watt-hour. — The  practical  unit  of  electrical  energy. 
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GENERAL  RULES  RECOMMENDED  BY  THE  INSTITUTION  OF 
ELECTRICAL  ENGINEERS  FOR  WIRING  FOR  THE  UTILISA- 
TION OF  ELECTRICAL  ENERGY. 

Revised  1903. 

1.  These  rules  embody  the  requirements  and  precautions  which  the 
Institution  has  framed  to  secure  satisfactory  results  with  supply  at  a  pressure 
not  exceeding  500  volts  if  continuous  or  250  volts  if  alternating.  They  are 
intended  to  include  only  such  requirements  and  precautions  as  are  generally 
necessary,  but  they  are  neither  intended  to  take  the  place  of  a  detailed 
specification,  nor  to  instruct  untrained  persons. 

2.  Notice  of  the  proposed  introduction  of  wiring  should  in  all  cases  be 
given  to  the  Fire  Offices  insuring  the  risk,  and  to  the  suppliers  of  the 
electrical  energy  if  such  is  to  be  obtained  from  an  external  source. 

G-eneral  Arrangement. 

3.  Conductors  must  radiate  from  distributing  centres,  and  in  large 
systems  from  those  centres  to  sub-centres,  so  that  no  sub-circuit  carries 
more  than  5  amperes  up  to  125  volts,  or  more  than  3  amperes  from  125  to 
250  volts,  for  incandescent  lighting. 

4.  When  protected  from  mechanical  injury  by  hard-metal  tubes  or 
conduits,  conductors  even  of  opposite  polarity  may  be  "  bunched,"  and  when 
carrying  small  currents  from  sub-centres,  as  in  paragraph  3,  they  may,  if 
without  joints,  be  "  bunched  "  even  when  the  protecting  tubing  or  casing  is 
non-metallic.  If  the  supply  is  alternating  and  the  protection  metallic, 
conductors  must  be  bunched  so  that  the  sum  of  the  currents  passing  is  zero. 

5.  When  one  of  the  main  conductors  of  a  system  of  supply  is  earthed,  no 
interruption  of  the  current  by  any  mechanical  device  is  permitted  in  a 
conductor  connected  to  the  earthed  main  that  does  not  also,  and  simul- 
taneously, break  circuit  on  the  non-earthed  conductor.  Hence,  to  insure  the 
current  being  interrupted  simultaneously  on  both  the  earthed  and  the  non- 
earthed  wires,  no  switch  that  is  not  linked  to  another  switch  on  the  non- 
earthed  conductor  may  be  inserted  in  any  conductor  connected  to  an  earthed 
main. 

6.  No  fuse  may  be  placed  in  the  neutral  conductor  of  a  "three-wire" 
system.  This  does  not  prevent  the  use  of  a  disconnecting  link  in  the 
neutral  for  testing  purposes,  but  fuses  must  be  placed  on  both  conductors  of 
two-wire  circuits  branching  therefrom. 
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7.  Every  system  must  be  controlled  by  linked  main  switches,  wliicli  must 
be  placed  as  near  to  the  entry  of  supply  to  a  building  as  circumstances 
permit,  and  which  must  be  easily  accessible.  Subject  to  paragraph  6,  the 
system  must  also  be  protected  by  main  fuses. 

8.  Every  sub-circuit  must  be  protected  on  both  poles  by  a  fuse ;  and  no 
single-pole  switch  may  be  inserted  in  the  earthed  side  of  a  system. 

9.  When  the  wiring  is  such  that  one  conductor  is  uninsulated  at  all  points 
— such  as  a  bare  return  to  a  concentric  system — no  switch  or  fuse  may  be 
placed  in  that  conductor,  and  the  said  conductor  must  be  efficiently  earthed. 

10.  When  the  supply  is  from  all  three  conductors  of  a  three-phase  system, 
each  conductor  must  be  protected  by  a  fuse  and  the  whole  controlled  by  three 
linked  switches. 

11.  When  the  pressure  between  outer  conductors  of  a  three-wire  main 
exceeds  250  volts,  the  circuits  connected  to  opposite  sides  of  the  neutral 
conductor  must  be  so  disposed  that  a  person  cannot  simultaneously  touch  two 
points  respectively  in  contact  with  the  outer  conductors. 

12.  Conductors  conveying  currents  at  pressures  exceeding  250  volts  must 
be  completely  enclosed  in  strong  metallic  sheathing  or  tubing  efficiently 
connected  to  earth,  and  such  sheathing  or  tubing  must  be  electrically 
continuous  throughout  its  length. 

13.  No  switch,  cut-out,  connector,  or  other  electrical  appliance,  may  be 
mounted  directly  upon  any  surface  of  a  condensing  or  humid  nature,  such  as 
masonry,  brickwork,  cement,  or  plaster — but  must,  in  addition  to  its  own 
mount,  be  fixed  upon  a  base  block  rendered  impervious  to  moisture. 

14.  Branch  fuses  must  be  grouped  together  in  accessible  positions  in 
sight,  and  should  be  symmetrically  placed  and  labelled  for  each  circuit. 

15.  Contact  between  insulated  conductors  and  gas-pipes,  or  metals  in 
contact  therewith,  must  be  prevented  by  non-conducting  incombustible 
distance-pieces. 

16.  Gas-pipes  must  never  be  used  to  obtain  an  earth  connection. 

17.  Switches  and  fuses,  not  in  an  engine-room  or  compartment  specially 
arranged  for  the  purpose,  must  be  covered. 

Conductors— Conductivity  and  Size. 

18.  The  sectional  area  of  conductors  (see  Table)  must  be  greater  than  that 
determined  by  the  heating  effect  of  the  current  required  for  the  maximum 
number  of  lamps,  or  other  current-using  apparatus,  that  can  be  used  simul- 
taneously on  the  circuit. 

19.  The  size  of  conductors  within  a  building  will,  subject  to  paragraph 
18,  be  determined  by  the  permissible  droj)  in  volts,  which  should  not 
exceed  2  per  cent  on  lighting  circuits. 

20.  Copper  conductors  should  be  of  soft  copper,  and  should  have  a 
conductivity  not  less  than  100  per  cent  as  compared  with  Matthiessen's  ^ 
standard ;  and  where  sulphur  compounds  are  present  in  any  part  of  the 
insulation  the  copper  in  contact  with  the  insulation  must  be  protected  there- 
from by  tinning  or  otherwise. 

21.  The  sectional  area  of  a  copper  conductor  must  not  be  less  than  that  of 
No.  18  S.W.G.  wire,  with  the  exception  of  the  case  of  flexible  cord 
conductors  and  wires  for  fittings,  when  the  sectional  area  must  not  be  less 

^  See  Appendix  to  these  Rules,  p.  387. 
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than  that  of  a  No.  20  S.W.G.  wire.  All  insulated  copper  conductors  having 
a  greater  area  than  that  of  a  No.  1 4  S.W.G.  wire  must  be  stranded. 

22.  The  table  appended  shows  the  sizes  of  copper  conductors  which  will 
safely  carry  currents  up  to  740  amperes,  and  the  length  in  yards  of  single 
conductor  in  circuit  for  each  volt  of  fall  of  potential  when  the  maximum 
current  is  in  use. 

Conductors— Instilation. 

23.  Conductors  must  be  specially  insulated  with  material  which  does  not 
deteriorate  at  the  highest  temperature  to  which  it  will  be  subjected  ;  for 
instance,  rubber  must  not  be  allowed  to  exceed  130°  F.,  or  paper — or  fibre 
— insulation  170°  F.  In  specially  hot  places  the  conductors  should  be  so 
large  that  the  electric  heating  is  almost  nil. 

24.  The  insulation  on  any  conductor  other  than  a  flexible  cord  must  be 
throughout  either — 

(a)  A  dielectric  which  is  impervious  to  moisture  and  only  needs 
mechanical  protection.  ("  Dielectric  "  does  not  include  braiding 
or  taping.)  Or 

(6)  A  dielectric  which  must  be  kept  perfectly  dry,  and  therefore  needs 
to  be  encased  in  a  waterproof  sheath,  generally  of  soft  metal, 
such  as  lead,  drawn  closely  over  the  dielectric. 

25.  The  radial  thickness  of  vulcanised  rubber  must  be  not  less  than  30 
mils  plus  one-tenth  of  the  diameter  of  the  conductor  (see  Table,  column  3). 
The  radial  thickness  of  dielectrics  of  Class  (6)  must  be  not  less  than  that 
given  in  the  Table,  column  4.  The  dielectric  must  not  soften  sufficiently  to 
allow  decentralisation  at  a  lower  temperature  than  170°  Fahr. 

26.  The  dielectric  of  Class  (a)  must  be  thoroughly  damp-proof,  and  that 
of  Class  (b)  must  be  enclosed  in  a  sheath  of  ductile  material  entirely  im- 
pervious to  moisture,  which,  if  metallic,  must  be  electrically  continuous 
throughout  and  connected  to  earth. 

27.  The  dielectric  must  be  such  that  when  a  test-piece  of  the  insulated 
conductor  has  been  immersed  in  water  for  twenty-four  hours  it  wall,  while 
still  immersed,  withstand  2000  volts  for  ten  minutes  between  the  conductor 
and  the  water.  Prior  to  immersion  the  test-piece  must  have  been  bent  six 
times  (three  times  in  one  direction  and  three  times  in  the  opposite  direction) 
round  a  smooth  cylindrical  surface  not  more  than  twelve  times  the  diameter 
of  the  finished  cable. 

28.  The  minimum  insulation  resistance  should  be  that  given  in  Column 
12  of  the  Table  for  vulcanised  rubber,  and  that  in  Column  13  for  Class  (6), 
the  test  being  made  at  60°  F.  after  one  minute's  electrification  at  500  volts, 
and  after  the  test-piece  has  been  immersed  in  water  for  twenty-four  hours. 
This  resistance  must  not  fall  more  than  10  per  cent  after  seven  days' 
immersion. 

29.  Conductors  insulated  as  in  Class  (a)  may  be  protected  by  braid  or 
taping,  prepared  so  as  to  resist  moisture.  Unless  fixed  in  sight  and  out  of 
reach  of  injury,  all  conductors  must,  further,  be  protected  by  a  strong 
covering ;  and  this,  in  damp  situations,  must  consist  of  water-tight,  incom- 
bustible tubes,  which,  if  of  metal,  must  be  electrically  continuous  throughout 
and  connected  to  earth.  Means  must  be  provided  to  prevent  the  accumula- 
tion within  the  tubing  of  water  arising  from  condensation  or  other  sources. 
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Sharp  bends  or  elbows  must  be  avoided,  corners  being  turned  by  smooth-bore 
round  bends  or  suitable  boxes. 

30.  The  exposed  ends  of  conductors,  with  dielectrics  of  Class  (6),  where 
they  enter  the  terminals  of  switches,  fuses,  and  other  appliances,  must  be 
protected  from  moisture  which  might  creep  along  the  insulating  material 
within  the  waterproof  sheath. 

31.  Concentric  conductors  should  in  all  respects  conform  to  the  require- 
ments herein  laid  down  for  single  conductors;  the  insulation  resistance  of 
the  dielectric  separating  the  two  conductors  must  be  that  given  in  the 
Table  for  single  conductors  having  the  same  diameter  as  the  inner  conductor. 
The  insulation  resistance  of  the  dielectric  on  the  outer  conductor  where 
insulated,  must  be  that  given  in  the  Table  for  single  conductors  of  the  same 
outside  diameter. 

32.  When  the  mains  are  earthed  at  one  point,  the  outer  conductor  of  a 
concentric  system  is  the  conductor  to  be  connected  to  the  earthed  main. 

33.  In  applying  the  bending  test  to  concentric  conductors,  the  diameter  of 
the  cylinder  used  should  be  not  more  than  twelve  times  the  diameter  of  the 
finished  cable. 

34.  Flexible  conductors,  i.e.  those  made  up  of  a  number  of  wires  not  larger 
than  No,  35  S.W.Q.,  which  are  then  insulated,  may  only  be  used  for  attach- 
ment to  portable  appliances  or  pendants  or  for  sub-circuits  when  visible 
throughout  their  length  and  spaced  from  walls  by  porcelain  insulators.  For 
the  wiring  of  fittings  a  strand  composed  of  three  wires  of  No.  25  S.W.G. 
may  be  used.  The  insulating  material  used  as  the  dielectric  must  be  either 
pure  rubber  or  vulcanised  rubber  of  the  best  quality.  If  pure  rubber  be 
used,  it  should  be  laid  on  in  two  layers,  care  being  taken  that  these  break 
joint.  The  radial  thickness  of  the  dielectric  must  not  be  less  than  16  mils 
for  pressures  up  to  125  volts,  or  20  mils  for  pressures  from  125  to  250 
volts.  The  covering  must  be  such  that  a  test-piece  not  less  than  one  yard 
in  length  cut  from  the  conductor  will  withstand  a  pressure  of  1000  volts 
alternating  at  a  frequency  of  from  40  to  100  periods  per  second  applied  for 
ten  minutes  between  the  test-piece  and  a  similar  test-piece  twisted  together 
with  it,  the  pieces  being  subjected  during  the  test  to  the  vapour  arising  from 
a  pan  of  boiling  water  placed  ten  minutes  before  the  commencement  of  the 
test  at  a  distance  not  exceeding  three  feet  immediately  below  it. 

Conductors— Joints. 

35.  Joints  in  conductors  are  prohibited  except  on  small  wires  protected 
by  fuses,  viz.  5-ampere  fuses  on  circuits  up  to  125  volts,  and  3-ampere  fuses 
on  circuits  from  125  to  250  volts.  Junction-boxes  must  be  used  to  connect 
lengths  of  larger  conductors,  and  be  so  constructed  that — 

(a)  the  conductors  cannot  be  readily  short-circuited  ; 

(6)  the  insulation  between  opposite  poles  will  not  readily  break  or  chip  ; 

(c)  the  connections  do  not  heat. 

If  used  in  damp  places,  special  precautions  must  be  adopted  to  exclude 
moisture. 

36.  Joints  must  be  mechanically  and  electrically  perfect  to  prevent  heat 
being  generated.  All  joints  must  be  soldered.  Soldering  fluids  containing 
acid,  or  other  corrosive  substances,  must  not  be  used.  The  insulation  of  all 
joints  in  insulated  conductors  must  be  most  carefully  attended  to. 
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37.  In  jointing  conductors  tlie  braiding,  tape,  or  lead  must  be  carefully 
removed  without  damage  to  the  dielectric  for  a  sufficient  length  to  insure  a 
thorough  union  between  the  dielectric  and  the  material  used  to  insulate  the 
joint.  If  the  insulating  material  is  not  waterproof,  it  must  be  covered  with 
an  impervious  sleeve  or  box,  which  must  make  a  water-tight  joint  on  each 
side  of  the  junction.  Care  must  be  taken  to  exclude  moisture  during  the 
operation. 

38.  Joints  between  flexible  conductors  and  permanent  wires  under  flooring 
or  in  wood-casing  are  prohibited. 

Joints  constitute  a  source  of  weakness,  and  they  must,  therefore,  be 
accessible,  and  it  is  recommended  that  their  positions  be  indicated  by  a 
conspicuous  mark. 

Buried  Conductors  in  Buildings. 

39.  Conductors  buried  in  cement  or  plaster  must  be  provided  with  pro- 
tection of  sufficient  strength  to  resist  a  nail. 

40.  Conductors  passing  through  walls  or  fire  -  resisting  floors  must  be 
provided  with  additional  protection,  such  as  a  porcelain  or  other  incom- 
bustible tube,  which  must  be  filled  up  with  some  chemically  inert  incom- 
bustible material  so  as  to  prevent  the  spread  of  fire  through  these  openings. 
When  the  end  is  outside  the  building  it  should  be  bell-mouthed  and  turned 
downwards. 

Conductors— Wood  Casing  for. 

41.  Wood  casing  must  not  be — 

(a)  buried  in  plaster  or  cement,  nor  exposed  to  moisture ; 
(6)  used  in  damp  places  ; 

(c)  run  immediately  below  water-pipes  unless  efficiently  protected 
from  drip. 

Conductors— Precautions  at  Points  of  Connection. 

42.  Where  conductors  are  connected  to  switches,  fuses,  junction-boxes,  or 
other  appliances,  the  whole  of  the  separate  wires  forming  the  stranded  or 
flexible  conductor  must  make  contact  with  the  terminal  so  that  no  loose  wire 
or  strand  can  project.  The  dielectric  must  not  be  bared  back  farther  than 
to  allow  the  conductor  to  enter  the  terminals  properly,  and  the  ends  of  the 
insulation.  Class  (6),  should  be  sealed. 

43.  The  braiding,  lead,  or  other  covering  to  the  dielectric  must  be  cut 
back  from  the  end  of  the  insulating  material  and  waterproofed.  In  damp 
places  the  strands  of  conductors.  Class  (6),  should  be  soldered  to  prevent 
moisture  creeping  along  the  copper  beneath  the  insulation. 

44.  Conductors  of  larger  section  than  7/18  must  be  soldered  to  proper 
lugs  for  connection.  Where  there  is  any  possibility  of  strain  on  the  lugs 
they  must  be  mechanically  attached  in  addition  to  the  soldering. 

Switches. 

45.  Every  switch,  whether  fixed  separately  or  combined  with  lampholders 
or  fittings,  must,  except  as  provided  in  paragraph  1 7,  be  encased,  and  comply 
with  the  following  requirements  : — 

(a)  Overheating  must  not  take  place  at  the  point  of  contact  or  else- 
where, when  the  full  current  flows  continuously. 
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(6)  When  being  switched  off  it  must  not  be  possible  to  form  a  permanent 
arc.  Switches  should  be  tested  at  pressure  and  current  50  per 
cent  in  excess  of  that  which  will  be  used  on  the  circuits  for  which 
they  are  intended. 

(c)  It  must  be  incapable  of  remaining  in  partial  contact. 

(c^)  The  base  must  be  of  incombustible  non-conducting  and  moisture- 
proof  material. 

(e)  The  cover  must  be  of  incombustible  material,  and  must  be  either 
non-conducting,  or  of  rigid  metal,  and  clear  of  all  internal 
mechanism. 

(/)  Where  the  pressure  .exceeds  250  volts,  covers  must  be  of  metal  and 
must  be  earthed. 

(^)  Handles  must  be  insulated  and  so  arranged  that  the  hand  cannot 

touch  live  metal, 
(/i)  It  must  not  contain  a  fuse. 

Fuses. 

46.  Every  fuse  must  be  encased,  except  as  provided  in  paragraph  17,  and 
comply  with  the  following  requirements  : — 

(a)  That  no  overheating  can  take  place  in  any  part  when  the  full 
current  flows  continuously. 

(6)  That  it  shall  effectually  interrupt  the  current  when  a  short-circuit 
occurs,  and  also  when  the  current  through  it  exceeds  the  working 
rate  by  100  per  cent,  the  current  flowing  under  the  normal 
pressure  in  both  cases. 

(c)  The  base  of  the  fuse  must  be  of  incombustible,  non-conducting,  and 
moisture-proof  material. 

{d)  The  cover  must  be  of  incombustible  material,  and  must  either  be 
non-conducting  or  of  rigid  metal  lined  with  insulating  incom- 
bustible material.  It  must  be  kept  clear  of  all  the  internal 
mechanism.  When  the  fuses  are  of  the  open  type  and  grouped 
together,  the  case  of  the  distribution  board  will  be  a  sufficient 
protection  provided  the  distance  from  cover  to  fuse  exceeds  two 
inches. 

(e)  Fuses  must  not  be  placed  in  wall-sockets,  ceiling  roses,  lampholders, 
or  switch  covers. 

(/)  The  fusible  metal  must  be  of  such  size  that  no  conductor  protected  by 
it  can  possibly  exceed  the  temperature  specified  in  jmragraph  23. 

47.  Separate  single  fuses,  and  not  "double-pole"  fuses,  must  be  used  on 
circuits  on  which  the  pressure  exceeds  125  volts. 

48.  Fuses  may  be  considered  too  large  if  they  are  not  warm  to  the  touch 
on  full  load,  and  too  small  if  they  hiss  when  moistened. 

49.  Note. — It  is  recommended  that  hard  metal  be  used  for  fuses  ;  and  that 
if  soft  wire  is  used,  it  should  be  soldered  to  hard-metal  contacts. 

Connectors:  Wall-  and  Floor-Plugs,  etc. 

50.  All  connectors  should  be  capable  of  withstanding  a  test  at  a  pressure 
and  current  50  per  cent  in  excess  of  that  for  which  they  are  intended.  In 
damp  places  special  water-tight  connectors  must  be  used.  In  cases  where 
the  fixed  part  of  the  connector  is  attached  to  a  floor  it  must  be  so  arranged 
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that  no  dust  or  water  can  accumulate  in  the  cavity,  and  that  all  contacts  are 
well  below  the  floor-level,  or  covered  to  prevent  any  possibility  of  danger 
from  contact  with  carpets. 

51.  No  connector  may  contain  a  fuse. 

52.  Connectors  must  be  constructed  so  that  they  cannot  be  readily  short- 
circuited.  Clearances  should  be  such  that  an  arc  cannot  be  started  if  the 
connector  i-s  pulled  out  at  the  time  that  the  current  is  flowing.  The  insula- 
tion used  between  opposite  poles  should  be  such  that  it  will  not  readily 
break  or  chip. 

53.  Flexible  cord  conductors  for  portable  fittings  must  end  in  a  connector. 

54.  Every  portable  current-consuming  device "  must  be  independently 
controlled  by  a  switch  on  the  live  side  of  the  connector. 

Ceiling  Roses. 

55.  Every  ceiling  rose  must  comply  with  the  following  requirements  : — 

(a)  The  base  must  be  of  incombustible,  non-conducting  and  moisture- 
proof  material ; 

(6)  The  cover  must  be  of  incombustible  material,  and  must  be  either 
non-conducting  or  of  rigid  metal,  and  clear  of  all  internal 
mechanism  ; 

(c)  Unless  it,  or  its  base,  form  part  of  the  sheathing  as  in  paragraph 

12,  it  must  not  be  attached  directly  to  a  plastered  surface,  but 

must  be  mounted  on  a  prepared  block  ; 
{d)  Its  terminals  must  be  relieved  of  the  direct  pull  of  the  attached 

conductor  and  fitting,  and  be  so  arranged  that  no  short  circuit 

can  take  place  ; 
(e)  It  must  not  contain  a  fuse. 

Switch  and  Distribution  Boards. 

56.  Main  and  distribution  switch-  and  fuse-boards  must  be  made  of 
incombustible  insulating  material  insulated,  where  hygroscopic,  by  bushes 
from  the  supporting  framework,  and  fixed  in  a  dry  situation,  and  be  so 
placed  that  a  fire  thereon  cannot  spread  to  combustible  material. 

57.  Live  metal  must  be  fixed  at  such  a  distance  from  all  metal  not  at 
the  same  potential,  or  be  so  separated  by  insulating  partitions,  that  an  arc 
cannot  be  formed  between  the  metal  surfaces. 

58.  Connections  at  the  back  of  boards  must  be  made  accessible,  but, 
unless  protected  from  acid  fumes,  must  not  project  into  battery  rooms. 
Circuits  should  be  labelled  for  identification. 

59.  The  cases  of  instruments,  if  metallic,  must  be  insulated  from  the 
circuits,  or,  if  connected  to  one  pole,  they  should  be  protected  from  the 
possibility  of  contact  with  the  other. 

60.  Every  voltmeter  with  its  connecting  wires  should  be  protected  by  a 
fuse  on  each  pole. 

Fittings  for  Supporting  Lamps. 

61.  Wherever  brackets,  electroliers,  or  standards  require  to  have  the 
conductors  threaded  through  tubes  or  channels  formed  in  the  metal  work, 
these  must  be  of  ample  size  and  have  no  sharp  angles  or  projecting  edges, 
which  would  be  liable  to  damage  the  insulating  material. 

62.  Where  possible,  the  conductors  should  be  carried  without  joints 


APPENDIX  II. 


383 


tlirougli  tlie  fittings  to  the  lamps ;  but  where  connections  at  the  fittings  are 
unavoidable,  special  care  must  be  taken  to  make  the  joints  equal  in  conduc- 
tivity and  insulation  to  the  rest  of  the  work. 

63.  Combined  gas  and  electric  fittings  must  not  be  used. 

64.  When  disused  gas-fittings  are  adapted  for  electric  light,  they  must  be 
entirely  disconnected  from  the  gas-pipes. 

Lampholders. 

65.  Lampholders  must — 

(a)  be  entirely  incombustible  ; 

(6)  be  insulated  from  any  continuously  earthed  conduit  or  sheath  not 

forming  part  of  the  circuit ; 
(c)  be  specially  designed  if  for  currents  above  \\  amperes  ; 
((i)  not  be  hung  from  flexible  cord  conductors  where  exposed  to  the 

weather,  but  be  rigidly  supported. 

66.  Switch  lampholders  should  be  controlled  in  groups  of  ten,  or  fewer, 
by  a  separate  fixed  wall-switch. 

Arc  Lamps. 

67.  Arc  lamps  must — 

(a)  be  guarded  by  lanterns  or  globes,  which  must  be  arranged  to 

intercept  falling  particles  of  carbon  ; 
(6)  be  insulated  from  their  support ; 

(c)  be  fixed  so  that  their  cases  cannot  come  into  contact  with  any 

metallic  object ; 
iS)  have  their  leading-in  wires  protected  from  rain ; 
(e)  be  controlled  by  linked  switches  and  protected  by  fuses  (see  "  General 

Arrangements  ") ; 

(/)  not  be  used  in  places  where  inflammable  vapours  or  explosive 
mixtures  of  dust  or  gas  are  liable  to  be  present. 

Incandescent  Lamps. 

68.  Incandescent  lamps  and  their  holders — 

(a)  must  not  be  placed  in  close  proximity  to  inflammable  materials  ; 
shades  made  of  such  materials  must  be  kept  free  from  contact 
with  the  lamps  by  suitable  guards ;  celluloid  and  other  highly 
inflammable  material  must  not  be  used  for  shades  ; 

(6)  if  placed  in  positions  where  they  are  exposed  to  inflammable  vapour 
or  gas,  should  be  enclosed  in  air-tight  fittings  of  thick  glass  and 
have  no  flexible  cord  connections. 

69.  Incandescent  lamps  of  the  Nernst  type  must  comply  with  the  regula- 
tions of  paragraphs  67  (a),  (6),  (c),  {d\  (/),  and  68  (a). 

Dynamos  and  Motors. 

70.  Any  dynamo  or  motor  rated  at  more  than  one-third  of  a  horse-power 
must — 

(a)  be  protected  from  damp,  dust,  and  mechanical  injury  ; 
(6)  be  so  placed  that  no  unprotected  woodwork  or  combustible  material 
is  within  a  distance  of  twelve  inches  from  it  measured  horizon- 
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tally,  or  within  four  feet  measured  vertically  above  it,  unless  it  is 
of  an  enclosed  type  ; 

(c)  if  supplied  at  250  volts  or  upwards,  have  its  frame  efficiently 
connected  to  earth  ; 

{d)  if  employed  in  positions  exposed  to  highly  inflammable  dust  or 
flyings,  or  where  highly  inflammable  materials  are  manipulated 
or  stored,  be  of  the  enclosed  type,  without  belting  or  gearing 
penetrating  the  casing,  with  ventilating  openings,  if  any,  only  in 
the  vertical  portions  of  their  casings,  protected  by  two  thicknesses 
of  fine-mesh  wire  gauze  set  at  least  a  quarter  of  an  inch  apart  and 
substantially  attached  to  the  casing  ; 

(e)  be  controlled  by  linked  switches  and  protected  by  fuses  or  circuit- 
breakers  on  both  conductors  ; 

(/)  if  a  motor,  have,  in  addition  to  the  above,  starting  gear  consisting 
of  a  regulating  switch  and  series  resistance,  the  regulating  switch 
being  fitted  with  a  magnetic  release  that  will  automatically  open 
the  circuit  should  the  current  be  interrupted. 

Note. — It  is  recommended  that  all  shunt  circuits  of  motors  be 
arranged  so  that  the  field  is  excited  before  the  armature  is 
connected,  these  circuits  to  be  disconnected  through  a  non- 
inductive  resistance  or  carbon  break  after  the  armature  circuit  is 
broken. 

Besistances. 

71.  Eesistances,  whether  used  in  connection  with  arc-lamps,  dynamos,  or 
motors,  or  for  any  other  purpose,  must  be — 

(a)  carried  on  frames  or  supports  and  enclosed  in  cases,  the  frames, 

supports,  and  cases  to  be  of  incombustible  material  efficiently 

insulated  from  the  resistances  ; 
(6)  amply  ventilated  by  means  of  apertures  protected  by  fine-mesh  wire 

gauze  where  there  is  danger  of  inflammable  material  entering 

them  ; 

(c)  so  proportioned  that  they  cannot  rise  in  temperature  more  than 

240°  R,  nor  the  cases  containing  them  more  than  130°  F.,  above 

the  temperature  of  the  surrounding  air ; 
{d)  so  fixed  that  no  unprotected  inflammable  material  is  within  six 

inches  of  the  cases  containing  them,  or  within  twenty -four 

inches  measured  vertically  above  them. 

Choking  Coils. 

72.  Choking  coils  must  comply  with  the  rules  for  Eesistances  (71,  a,  h, 
and  d,  and  76). 

Accumulators  and  Other  Batteries. 

73.  The  room  in  which  accumulators  or  primary  batteries  are  placed 
must  be  well  ventilated. 

74.  Accumulators  and  batteries  must  be  well  insulated  from  earth,  and 
protected  by  fuses  at  all  points  of  connection  between  the  circuit  and  the 
regulating  cells,  unless  special  precautions  are  taken  to  keep  the  conductors 
permanently  apart  by  incombustible  and  non-conducting  material. 
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Transformers. 

75.  If  high-pressure  transformers  are  brought  into  a  building  they  must — 

(a)  together  with  their  switches  and  fuse-boxes,  be  contained  in  fire- 
and  water-proof  structures,  and  be  accessible  only  to  authorised 
persons  ; 

(6)  be  so  protected  by  suitable  apparatus  that  a  leak  between  the 
primary  and  secondary  coils  shall  cut  the  transformer  out  of 
circuit  ; 

(c)  not  under  normal  full-load  exceed  a  temperature  of  170°  F. 

76.  Low-pressure  alternating  transformers  or  choking  coils  must  conform 
with  paragraphs  71  (a),  (6),  and  [3),  and  their  temperature  must  not  exceed 
170°  F. 

Electric  Cooking  Appliances,  Badiators,  and  Heaters. 

77.  These  appliauces  must  be — 

(a)  so  constructed  and  mounted  that  heat  cannot  be  conveyed  to  their 
supports  and  connections,  precautions  being  taken  with  regard  to 
their  surroundings  as  in  the  case  of  non  -  electrical  heating 
appliances  ; 

(6)  protected  by  a  fuse  and  switch  in  -both  conductors,  subject  to  Rule  5, 
connectors  being  so  arranged  that  the  live  end  of  the  coupling  is 
not  exposed  to  accidental  short-circuiting  or  injury. 

Testing. 

78.  The  insulation  resistance  to  earth  of  the  whole  or  any  part  of  the 
wiring  must,  if  tested  previously  to  the  erection  of  fittings  and  electroliers, 
be  measured  with  a  pressure  not  less  than  twice  the  intended  working 
pressure,  and  must  not  be  less  in  megohms  than  30  divided  by  the  number 
of  "  points  "  under  test.  For  this  purpose  the  "  points  "  are  to  be  counted  as 
the  number  of  pairs  of  terminal  wires  from  which  it  is  proposed  to  take  the 
current,  either  directly,  or  by  flexibles,  to  lamps  or  other  appliances. 

79.  Current  must  not  be  switched  on  until  the  following  test  has  been 
applied  to  finished  work  : — 

The  whole  of  the  lamps  having  been  connected  to  the  conductors  and  all 
switches  and  fuses  being  on,  a  pressure  equal  to  twice  the  working  pressure 
must  be  applied,  and  the  insulation  resistance  of  the  whole  or  any  part  of  the 
installation  must  not  be  less  in  megohms  than  25  divided  by  the  number  of 
30- watt  lamps.  When  all  lamps  and  appliances  have  been  removed  from 
the  circuit,  the  insulation  resistance  between  conductors  must  not  be  less  than 
25  megohms  divided  by  the  number  of  30-watt  lamps.  For  the  purpose  of 
this  test,  every  arc  light  shall  be  considered  as  equivalent  to  15  lamps,  and 
every  motor  or  heater  shall  be  rated  at  one  lamp  per  ampere,  provided  that 
no  motor,  heater,  or  other  appliance  may  be  connected  to  the  supply  of 
electrical  energy  unless  the  insulation  of  the  parts  carrying  the  current 
measured,  as  above,  is  greater  than  500,000  ohms  from  the  frame  or  case. 

80.  The  value  of  systematically  inspecting  and  testing  apparatus  and 
circuits  cannot  be  too  strongly  urged  as  a  precaution  against  fire.  Records 
should  be  kept  of  all  tests,  so  that  any  gradual  deterioration  of  the  system 
may  be  detected.    Cleanliness  of  all  parts  of  the  apparatus  and  fittings  is 
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essential.  In  testing,  the  negative  pole  should  be  connected  with  the  con- 
ductor under  test. 

81.  No  repairs  or  alterations  may  be  made  when  the  pressure  is  "on." 

Explanation  of  Table. 

82.  Goluw,ns  1  and  16  give  the  size  of  the  conductors  in  common  use. 
Cables  are  shown  thus  : — 19/16,  viz.  19  wires  of  number  16  standard  wire 
gauge,  or  19/ •082",  meaning  19  wires,  each  of  which  is  '082  inch  in  diameter. 

83.  Column  2  gives  the  section  of  the  conductor  in  square  inches. 

84.  Column  3  gives  the  minimum  thickness  of  dielectric  as  defined  in 
paragraph  25  on  vulcanised  rubber  cables. 

85.  Column  4  gives  the  minimum  thickness  of  dielectric  on  fibre-covered 
cables  which  require  to  be  lead-covered,  viz.  cables  of  Class  B.  Special 
cables,  such  as  twin  or  3-core  cables,  are  not  included  in  this  column. 

86.  Column  5  gives  the  safe  radial  thickness  of  lead  in  decimals  of  an  inch 
for  cables  of  Class  B.  This  column  does  not  apply  to  vulcanised  rubber 
cables,  which  may  be  lead-covered. 

87.  Column  6  gives  the  maximum  current  for  wires  insulated  with 
vulcanised  india-rubber  laid  in  position  within  the  mechanical  protections 
allowed  in  the  Rules,  when  the  external  temperature  is  higher  than  100°  F. 
The  current  for  any  conductor  under  these  conditions  may  be  calculated  from 
the  formula  : — 

Log  C  =  0-775  log  A  +  0-301, 

C  =  2A°-''5 

(where  C  =  current  in  amperes,  A  =  area  in  lOOOths  of  a  square  inch). 

The  maximum  rise  in  temperature  will  be  about  1 0  degrees  Fahrenheit  on 
large  sizes. 

88.  Column  7  gives  the  maximum  current  allowable  in  any  situation  for 
conductors  insulated  with  vulcanised  rubber  when  laid  in  positions  within 
the  mechanical  protections  allowed  in  the  Rules  when  the  external  tempera- 
ture is  normal.  The  maximum  current  for  any  conductor  may  therefore  be 
calculated  from  the  formula — - 

Log  C  =  0-82  log  A  4- 0-415, 
or  C  =  2-6  A^-^^ 

89.  Column  8  gives  the  total  length  in  yards  of  lead  and  return  of  each 
size  of  conductor,  causing  a  drop  of  1  volt  when  transmitting  the  current 
shown  in  Column  6. 

90.  Column  9  gives  the  current  density  in  amperes  per  square  inch 
corresponding  to  Column  8. 

91.  Column  10  gives  the  maximum  allowable  current  with  lead-covered 
cables,  allowing  a  rise  of  about  20°  F.  on  large  sizes. 

92.  Column  11  gives  the  total  length  in  yards  of  the  conductor  (lead  and 
return)  for  one  volt  drop  when  the  current  in  each  conductor  is  that  given 
in  Column  10. 

93.  Column  12  gives  the  minimum  insulation  resistance  with  vulcanised 
rubber  in  mile-megohms.  These  insulation  resistances  correspond  approxi- 
mately with  those  of  "  300  megohm  grade  "  cables  having  a  specific  insulation 
of  1  -4. 

94.  Column  13  gives  the  minimum  insulation  resistance  which  is  advisable 
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in  practice  for  fibre-covered  cables  lead-covered.  The  insulation  resistance 
between  the  members  of  twin-conductors  should  be  not  lower  than  the 
corresponding  insulation  resistances  in  the  Table. 

95.  Column  IJf.  gives  the  resistance  in  Board  of  Trade  ohms  of  the  con- 
ductor per  1000  yards. 

96.  Column  IB  gives  the  weight  of  copper  conductors  of  the  gauge  given 
in  lbs.  per  1000  yards. 

Definitions  of  certain  Terms  used  in  above  Rules. 

97.  Bunching  of  Conductors. — Conductors  are  said  to  be  bunched  when 
more  than  one  is  contained  within  a  single  duct  or  groove. 

98.  Dielectric. — A  dielectric  is  any  material  which  by  its  nature  or  the 
method  of  its  application  to  a  conductor  permanently  offers  high  resistance 
to  the  passage  of  current  and  of  disruptive  discharge  through  itself. 

99.  Earthed  Conductor. — A  conductor  is  said  to  be  earthed  when  it  is 
metallically  connected  at  one  or  more  points  to  the  general  mass  of  the  earth. 

100.  Linked  Switches. — Linked  switches  are  single-pole  switches  fixed  on 
conductors  of  difi'erent  polarity  linked  together  mechanically  so  as  to  operate 
simultaneously. 

101.  Neutral  Conductor. — The  neutral  conductor  of  a  three-wire  system  is 
the  conductor  which  is  at  a  potential  intermediate  between  the  potentials  of 
the  outer  conductors,  and  is  common  to  all  consuming  devices. 

102.  Outer  Conductor. — The  outer  conductors  of  a  three-wire  system  are 
those  between  which  there  is  the  greatest  diff'erence  of  potential. 

Note. — This  specialised  use  of  the  word  "outer"  must  not  be  confused 
with  the  non-technical  use  of  the  word  when  applied  to  the  conductor 
of  a  concentric  main  which  physically  surrounds  the  other  conductor 
or  conductors  of  such  main. 

103.  Single-pole  Switches. — Single-pole  switches  are  switches  interrupting 
one  conductor  only  of  a  circuit. 

104.  Three-wire  System. — A  three-wire  system  is  one  in  which  three 
conductors  are  maintained  at  different  potentials,  the  conductor  at  a  potential 
intermediate  between  the  highest  and  lowest  being  common  to  all  lamps  or 
other  consuming  devices  supplied  from  the  system. 

105.  Uninsulated  Conductor. — A  conductor  is  said  to  be  uninsulated  when, 
although  not  metallically  connected  to  earth,  no  provision  is  made  by  the 
interposition  of  a  dielectric  or  otherwise  for  its  insulation  from  earth. 


APPENDIX. 

The  data  for  the  resistances  and  weights  of  copper  conductors  are  based  on 
Matthiessen's  standard  as  defined  by  the  Committee  on  Copper  Conductors 
in  1899,  as  follows  : — 

"Copper  weighs  555  lbs.  per  cubic  foot  at  60°  F.    Its  specific  gravity  = 
8-912. 

"  Weight  per  mile  in  lbs.  =  20,350  x  area  in  square  inches. 
"Weight  per  yard  in  lbs.=  11-5625  x  area  in  square  inches. 
"The  temperature  coefficient  =  0-00238  per  degree  Fahr.,  or  0-00428  per 
degree  Cent.  =  0-06664  between  32°  F.  and  60°  F. 
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"  A  lay  of  twenty  times  the  pitch  diameter  is  adopted  as  a  standard,  and 
the  resistance  in  parallel  of  the  wires  is  taken  as  the  resistance  of  the  cahle. 

"The  resistance  of  annealed  high  conductivity  commercial  copper  at 
60°  F.  is  : — 

"  Resistance  per  cubic  inch  =  0-00000066788  standard  ohms. 
"Resistance  per  cubic  cm.  =  0-00000169639         ,,  „ 
"Resistance  of  100  inches 

weighing  100  grains  =  0-150158  „  „ 

"  The  resistance  of  hard-dravm  high  conductivity  commercial  copper  is  : — 
"Resistance  per  cubic  inch  =  0-000000681327  standard  ohms. 
"Resistance  per  cubic  cm.  =  0-00000173054        „  „ 
"Resistance  of  100  inches 

weighing  100  grains  =  0-153181  „  ,,  " 

The  above  formulae  give  the  standards,  but  a  variation  of  2  per  cent  in 
resistance  or  weight  may  be  allowed  for  losses  in  manufacture. 


TABLE  XX. 


Showing  Maximum  Currents,  Thickness  op  Dielectric,  and  Insulation  Resistance  for  Copper  Conductors  Insulated  and  Laid  in  Casing  or  Tubing. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Gauge. 
Number  of  wires 

Nominal  size 

HiibheT, 
Jlininium  safe 

Minimum  safe 

Lead. 

Minimum  safe 
thickness 

Aviperes. 

Maximum 
amperes  for 

Amperes. 

Maximum 
amperes  allow- 

Volts drop. 

Total  length  in 
yards  lead  and 

return  for 
1-volt  drop  in 

Column  6. 

Ampferes  per 
square  incli 

Amperes. 

Maximum 
allowable  cur- 
rent for 

Column  4, 
Class  B. 

Volts  droj}. 

Total  length  in 
yards  of  lead 

J 

nsulation. 
Hinimum 

Ins^ilation. 

Minimum 
insulation  re- 
sistance with 
thickness  of 
dielectric  of 

Column  4 
for  Class  B. 

Conductor 
resistance  in 

Weight  of 
copper  In  lbs. 

Number  of 
wires  and 

ami  gauge  in 
S.W.G.  or  inches. 

of  conductors 
in  square 
inches. 

thickness  of 
vulcanised 
rubber. 

thickness 
of  dielectric  for 
Class  B. 

of  lead  for 
conductors 
(Column  4). 

rubber-covered 
wires  exposed 

to  high  external 
temperatures. 

able  for 
rubber-covered 
wires. 
As  in  Col.  3. 

allowed  in 
Column  7. 

and  return  for 
1-voIt  drop 
(Col.  7  and 
Col.  10). 

f 

nsulation 
resistance 
or  rubber. 

B.O.T. 

standard  ohms 
per  1000  yards. 

per 
1000  yards. 

gauge  in 
S.W.G.  or 
Inches. 

Mils. 

Mils. 

Inch. 

Amperes. 

Mile-Megohms. 

Mile-Megohms. 

1/18 

•001810 

35 

35 

0^030 

3-2 

4-2 

24 

2337 

4-2 

18 

1200 

300 

13-28 

20-93 

1/18 

3/22 

•001825 

86 

35 

0-030 

3^3 

4-3 

23 

2333 

4-3 

18 

1200 

270 

13-18 

21-62 

3/22 

1/17 

•002463 

36 

40 

0-030 

4^0 

5-4 

25 

2211 

5-4 

19 

1200 

270 

9^762 

28-48 

1/17 

3/20 

•003016 

38 

40 

0-030 

4^7 

6-4 

27 

2137 

6-4: 

19 

1200 

250 

7-972 

35-75 

3/20 
1/16 

1/16 

•003217 

36 

40 

0^030 

4^9 

6-8 

27 

2107 

6-8 

20 

1200 

250 

7-478 

37-2 

1/15 
7/22 

•004072 

37 

50 

0-030 

5-9 

8-2 

29 

2020 

8^2 

21 

800 

230 

5-904 

47-09 

1/15 

•004266 

39 

50 

0-040 

6-2 

8-5 

29 

2002 

8^5 

21 

800 

220 

5-636 

50-36 

7/22 

1/14 

•005027 

38 

60 

0^040 

7-0 

9-8 

30 

1944 

9^8 

21 

800 

220 

4-784 

58-13 

ifu 

3/18 
7/20 

•005364 

40 

60 

0^040 

7-3 

10-3 

30 

1922 

10-3 

22 

800 

200 

4-482 

63-52 

3/18 

•007052 

41 

70 

0^050 

9-0 

13-0 

32 

1829 

13^0 

23 

600 

180 

3-41 

83-3 

7/20 
7/18 

7/18 

•01254 

44 

70 

0-050 

14-0 

21-0 

37 

1649 

21-0 

25 

600 

160 

1-918 

148 

19/20 

•01912 

48 

70 

©•060 

20-0 

29^0 

40 

1529 

29^0 

27 

600 

140 

1-257 

226-3 

19/20 

7/16 

•0-2227 

49 

80 

0-060 

22-0 

33-0 

42 

1487 

33^0 

28 

600 

140 

1-080 

263-1 

7/16 

19/18 

•03399 

54 

80 

0-060 

31-0 

47-0 

46 

1378 

47-0 

30 

450 

120 

0-7074 

402-2 

19/18 

7/14 
7/ -095" 

•03483 

54 

80 

0-060 

31^0 

48-0 

46 

1372 

48^0 

31 

450 

120 

0-6903 

411-1 

7/14 

•05 

59 

80 

0-060 

42-0 

64  •O 

49 

1286 

64-0 

32 

450 

120 

-490 

580 

7/ -095" 

19/ -058" 

•05 

59 

80 

0-060 

42-0 

64^0 

49 

-  1286 

64-0 

32 

450 

120 

-488 

591 

19/ -058" 

19/16 

•06039 

62 

80 

0-060 

48-0 

75-0 

52 

1243 

75-0 

33 

450 

110 

-3981 

714-8 

19/16 

19/14 

•09442 

70 

80 

0-070 

68-0 

108-0 

58 

1147 

108-0 

36 

300 

100 

-2547 

1,117 

19/14 

19/ -082" 

•1 

71 

90 

0-070 

71-0 

113-0 

58 

1135 

113-0 

36 

300 

100 

-244 

1,182 

19/-082" 
37/16 

37/16 

•1176 

75 

90 

0-070 

81-0 

130-0 

61 

1102 

130-0 

38 

300 

90 

•2045 

1,393 

19/-092" 

•125 

76 

90 

0-070 

84-0 

136-0 

61 

1090 

136^0 

38 

300 

90 

•194 

1,488 

19/ -092" 

19/ -101" 

•15 

81 

90 

0-080 

96-0 

158-0 

65 

1055 

158^0 

39 

300 

90 

•160 

1,781 

19/-101" 

37/-072" 

•15 

80 

90 

0-080 

96-0 

158-0 

65 

1055 

158^0 

39 

300 

90 

•163 

1,776 

37/-072" 

19/12 

•1595 

82 

90 

0-080 

102-0 

166-0 

65 

1041 

166^0 

41 

300 

90 

•1507 

1,888 

19/12 

37/14 

•1838 

86 

90 

0-080 

114-0 

187-0 

67 

1017 

187^0 

42 

300 

90 

•1309 

2,176 

37/14 

37/-082" 

•2 

87 

90 

0-080 

121-0 

200-0 

66 

1002 

200-0 

40 

300 

90 

•125 

2,303 

87/-082" 

61/15 

•2455 

95 

100 

0-090 

142-0 

237-0 

72 

965 

237-0 

42 

300 

80 

•09795 

2,907 

61/15 

37/-092" 

■25 

94 

100 

0-090 

145-0 

241-0 

69 

962 

241-0 

40 

300 

80 

•0997 

2,900 

37/ -092" 

37/-101" 

•3 

101 

100 

0-090 

166-0 

279-0 

73 

931 

279-0 

43 

300 

80 

•0827 

3,494 

37/ -101" 

61/14 

•3029 

102 

100 

0-090 

168-0 

282-0 

75 

930 

282-0 

45 

300 

80 

•079.37 

3,589 

61/14 

37/12 

•3105 

103 

100 

0-090 

170-0 

287-0 

76 

925 

287-0 

45 

300 

80 

•07744 

3,678 

37/12 

37/ -110" 

•35 

'  107 

]00 

0-090 

187-0 

317-0 

77 

906 

317-0 

45 

300 

80 

•0697 

4,145 

37/ -110" 

37/-118" 

•4 

113 

100 

0-100 

208-0 

354^0 

79 

883 

354-0 

47 

300 

80 

•0606 

4,772 

37/ -lis" 

61/ -092" 

•4 

113 

100 

0-100 

208-0 

354^0 

80 

883 

354-0 

47 

300 

80 

•0605 

4,781 

61/-092" 

61/-101" 

•5 

121 

100 

0-100 

248-0 

425-0 

80 

850 

425-0 

47 

300 

80 

•0502 

5,762 

61/-101" 

61/12 

•5120 

124 

100 

0-100 

252-0 

433-0 

84 

846 

433-0 

49 

300 

80 

•04697 

6,065 

61/12 

61/-110" 

•6 

129 

110 

0-110 

282-0 

493-0 

84 

822 

493-0 

48 

300 

80 

•0423 

6,836 

61/-110" 

91/-092" 

•6 

131 

110 

0-110 

282-0 

493-0 

88 

822 

493^0 

50 

300 

80 

•0405 

7,134 

91/ •09-2" 

91/ -098" 

•7 

138 

110 

0-110 

320-0 

560-0 

88 

799 

560-0 

50 

300 

70 

•0357 

8,094 

91/ -098" 

9V101" 

•75 

141 

110 

0^110 

340-0 

592-0 

88 

790 

592-0 

50 

300 

70 

•0336 

8,597 

91/-101" 

91/-104" 

•8 

144 

120 

0^120 

352^0 

624-0 

90 

781 

624-0 

51 

300 

70 

•0317 

9,115 

91/-104" 

91/-110" 

•9 

151 

120 

0^120 

390^0 

688-0 

91 

764 

688^0 

51 

300 

70 

•0283 

10,200 

91/-110" 

91/11 

•9504 

158 

120 

0^120 

406-0  I 

719-0 

97 

757 

719-0 

55 

300 

70 

•02530 

11,256 

91/11 

91/ -11 8" 

1^0 

IGO 

130 

0-120 

424-0 

750-0 

96 

750 

750-0 

54 

300 

70 

•0246 

11,740 

91/-118" 

127/-101" 

1-0 

161 

130 

0^120 

424-0 

750-0 

99 

750 

750-0 

56 

300 

70 

•0239 

11,910 

127/-101" 

The  sizes  of  the  conductors  in  col.  2,  which  are  expressed  in  exact  decimal  parts- of  a  square  inch,  such  as  -05,  ^3,  ^5,  etc.,  are  not  the  absolutely  correct  figures  which  would  be  found  by  calculation,  but  arc 
the  sizes  adopted  by  the  Cable  Makers'  Association  as  the  most  suitable  for  manufacture  in  order  to  avoid  the  unnecessary  expense  involved  in  supplying  a  multiplicity  of  c»?id  sizes  of  wire.  [To  face  p.  388. 
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EXAMINATIONS  IN  SCIENCE,  SOUTH  KENSINGTON. 
SUBJECT  III— BUILDING  CONSTRUCTION. 

General  Instructions  (1903). 

If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

Immediately  before  the  Examination  commences,  the  following 
Regulations  are  to  be  read  to  the  Candidates. 

Before  commencing  your  work,  you  are  required  to  fill  up  the  numbered 
slip  wliich  is  attached  to  the  blank  examination  paper. 

Yo'Li  may  not  have  with  you  any  books,  notes, ^  or  scribbling  paper. 

Yoii  are  not  allowed  to  write  or  make  any  marks  upon  your  paper  of 
questions,  or  to  take  it  away  before  the  close  of  the  examination. 

YoTU  must  not,  under  any  circumstances  whatever,  speak  to  or  communicate 
with  (one  another,  and  no  explanation  of  the  subject  of  examination  may  be 
asked  or  given. 

Youi  must  remain  seated  until  your  papers  have  been  collected,  and  then 
quietly  leave  the  examination  room.  None  of  you  will  be  permitted  to  leave 
before  the  expiration  of  one  hour  from  the  commencement  of  the  examination, 
and  no  one  can  be  re-admitted  after  having  once  left  the  room. 

YoTur  papers,  unless  previously  given  up,  will  all  be  collected  at  . 

If  any  of  you  break  any  of  these  rules,  or  use  any  unfair  means,  you  will 
be  expelled,  and  your  paper  cancelled. 


Before  commencing  your  work,  you  must  carefully  read  the 
following  instructi  ons 

Put;  the  number  of  the  question  before  your  answer. 
Yma  are  to  confine  your  answers  strictly  to  the  questions  proposed. 
The  value  attached  Ito  each  question  is  shown  in  brackets  after  the  question. 
But  a,  full  and  correct  answer  to  an  easy  question  will  in  all  cases  secure  a 

^  In  certain  practical  examinations  candidates  were  allowed  the  use  of  books,  notes, 
etc. — s.ee  special  instructions  preceding  the  papers  of  questions  in  those  subjects. 
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larger  number  of  marks  than  an  incomplete  or  inexact  answer  to  a  more 
difficult  one. 

Questions  marked  (*)  have  accompanying  diagrams. 

Note. — A  candidate  in  any  subject  who  applied  for  examination  in  the 
Elementary  Stage  was  required  to  confine  himself  to  that  stage.  A  candidate  who 
had  not  applied  to  taJee  the  Elementary  Stage  was  allowed  to  take  the  Advanced 
Stage,  or,  if  eligible,  Honours,  Part  I.  or  II.,  but  ivas  required  to  confine  himself 
to  one  of  them. 

igo2. 

Advanced  Stage. 

You  are  permitted  to  answer  only  six  questions. 


21.  Explain  why  the  sand  for  mortar  should  be  clean  sharp  sand  free  from 

clay.  What  is  a  hydraulic  lime,  and  in  what  respects  does  it  differ 
from  rich  or  fat  lime  ?  Portland  cement  is  made  from  lime  and  clay  ; 
explain  the  difference  beween  Portland  cement  mortar  and  common 
lime  mortar  to  which  clay  is  added.  (24.) 

22.  If  it  is  an  advantage  to  have  wide  joints  for  brickwork,  built  with 

Portland  cement  mortar,  what  change  in  the  dimensions  of  the  bricks 
is  desirable  for  such  work  ?  What  tests  should  be  applied  to  a 
particular  make  of  bricks,  proposed  to  be  used  in  important  exposed 
work  and  built  with  cement  mortar  ?  What  are  fire-bricks,  and  how 
do  they  differ  from  common  bricks  ?  (24.) 

23.  Take  9  bushels  of  sand,  and  3  bushels  of  Portland  cement,  and  make 

it  into  mortar  ;  how  many  bushels  of  mortar  (approximately)  will 
you  have  ?  If  upright  joints  are  ^"  thick,  and  the  beds  |"  thick" 
(allowing  for  the  frog),  how  many  courses  of  a  two-brick  wall  12 
bricks  long  will  this  quantity  build  %  The  dimensions  of  bricks  are 
9"  X  4^"  X  3".  Will  you  use  more  mortar  per  cubic  yard  of  brick- 
work in  a  two-brick  wall  than  in  a  one-brick  wall,  and  if  so  how 
much  more  ?  (24-) 
*24.  Explain  and  illustrate  by  sketches  how  you  would  set  the  kitchen 
range  shown  1  Show  the  flues  ;  show  by  a  diagram  the  connections 
between  the  boot  boiler  and  the  hot-water  cocks  in  scullery,  bath- 
room, etc.  Why  is  a  safety-valve  needed  ?  Show  where  it  may  be 
placed.  (24.) 

25.  Sketch  neatly  to  the  scale  of         showing  the  mortar  joints  with 

double  lines,  the  elevation  of  about  4'  x  4'  of  snecked  rubble  wall ; 
give  also  the  top  of  the  sample  in  plan.  How  many  bushels  of  sand 
and  of  lime,  and  what  weight  of  "  stock  "  (stone),  approximately,  is 
needed  per  cubic  yard  for  this  masonry, — the  wall  is  18"  thick  ?  (28.) 

26.  How  would  you  prepare  6  bushels  of  plasterer's  coarse  stuff  (21 

bushels  in  a  cubic  yard)?  Give  the  quantities  of  sand,  lime,  and 
hair.  How  many  square  yards  of  lathed  work  will  this  quantity 
cover — two-coat  work  ?  Describe  "  scouring  "  and  "  setting."  How 
is  gray  setting  stuff  prepared  %  What  is  gauged  putty  set,  and  for 
what  is  it  used  ?  (28.) 
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27.  Describe  the  mixing  of  joaint  from  its  common  commercial  state — 

ground  in  oil.  Describe  the  complete  painting  of  a  new  white-deal 
inside  door  ;  it  is  to  be  finished  a  light  drab  colour.  How  would 
you  test,  for  adulteration,  a  sample  of  white  lead  which  has  been 
ground  iu  oil  ?  (29.) 

28.  You  have  to  slate  a  house  of  which  the  eave  is  23'  from  the  ground. 

Describe  how  you  will  jjroceed  with  the  work  :  dress  the  slates, 
scaffold,  provide  battens  and  nails.  How  will  you  dress  for  mitre 
valleys  and  hips?  Sketch  a  slate  (24"  x  12") 'holed  and  dressed. 
At  what  parts  of  a  roof  does  waste  occur  ?  How  many  square 
inches  of  comj)lete  roof  may  one  slate  (24"xl2"  and  4"  lap)  be 
supposed  to  cover  ?  (33-) 

29.  Draw  carefully  to  the  scale  of  Jg"  the  half-outside  elevation  of  a 

double-leaved  hall  or  porch  door.  The  door  opening  is  7'  3"  x  4' : 
the  door,  each  leaf  in  three  panels;  top  panels  raised  centres, 
bolection  moulded ;  lowest  panels  flush  and  beaded.  Show  top 
light  and  sidelights.  The  opening  —  soffit  of  reveal  to  top  of 
door  sill  9'  ;  from  reveal  to  reveal  7'  6".  Give  a  vertical  section 
from  6"  above  soffit  to  door  step,  showing  door  frame  and  sash  of 
top  light,  and  passing  through  panels  of  door,  showing  weather  board 
and  door  sill.  (33.) 

30.  Of  the  two  wires  to  an  electric  bell-push  one  is  found  to  be  more 

liable  to  be  injured  by  corrosion  than  the  other.  Assuming  that 
tliese  two  wires  go  directly  to  the  battery,  one  of  them  is  attached 
to  a  zinc  rod  and  the  other  to  what  projects  above  a  "porous  pot"  ; 
which  wire  is  most  liable  to  corrosion?  What  special  care  would 
you  give  to  the  corroding  wire  to  prevent  its  corrosion  ?  Show  by  a 
diagram  how  you  would  connect  a  number  of  pushes  with  the  bell, 
indicator,  and  battery,  so  that  there  will  be  a  minimum  quantity  of 
corroding  wire,  (33.) 

^31.  Skeleton  drawing  of  a  bridge  truss  loaded  as  shown  ;  transfer  it  to  your 
paper.  Draw  the  stress  diagram  to  the  scale  shown ;  mark  on  the 
truss  the  amounts  of  the  stresses  in  cwts.,  showing  compressions  by 
the  sign  +  and  tensions  by  the  sign  -  .  {"^Q-) 

*32.  In  the  truss  of  the  previous  question  loaded  as  shown,  what  is  the 
bending  moment  at  BG  and  by  what  stresses  is  it  resisted  ?  Of  what 
use  is  the  member  D  ?  (36.) 


Honours— Part  I. 

You  may  not  answer  more  than  six  questions,  of  which  at  least  one  must  he 
selected  from  each  of  .the  first  two  divisions  and  two  from  the  last. 

Drawings,  sketches,  and  answers  may  be  on  the  squared  paper  which  is 
attached  to  the  drawing  paper.  Additional  foolscap  may  be  obtained  from 
the  Superintendents  of  the  examination. 


Division  I. 

41.  Describe  the  complete  operation  of  brickmaking.  Candidates  who 
have  experience  of  the  actual  operation  should  answer  from  their 
direct  observation,  as  far  as  possible.  (45.) 
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42.  A  portion  of  the  trunk  of  an  oak.    Draw  a  cross  section  (the  clean 

freshly  sawn  and  smoothed  end  of  the  trunk  polished  if  necessary). 
Show  such  markings  as  you  think  deserve  notice  and  description. 
Suppose  that  the  tree  is  sawn  longitudinally  on  the  line  AB  and  that 
the  sawn  face  is  polished,  sketch  such  markings  as  will  appear  (w'hat 
a  house  painter  imitates  in  graining).  Show  the  markings  when 
the  cut  is  on  the  line  CD.  Identify  the  various  portions  of  structure 
which  present  different  appearances  in  the  three  sections.  Show 
how  you  would  take  a  plank  that  would  he  least  affected  in  its 
hreadth  by  shrinkage  in  seasoning.  (45.) 

43.  Describe  the  quarrying  of  a  good  building  stone.    Give  the  geological 

formation  to  which  it  belongs,  or  name  the  quarry  and  give  the 
general  character  of  the  stone.  Sketch  and  describe  the  tools  used. 
If  the  candidate  has  had  opportunity  to  see  actual  quarrying  he 
should  endeavour  to  describe  what  he  has  seen.  (45.) 


Division  II. 

44.  Determine  graphically  the  stresses  in  the  roof  truss  shown.    Mark  the 

amount  of  the  stress  in  each  member,  on  the  member,  and  show  com- 
pression by  the  sign  +  and  tension  by  the  sign  -  .  (51.) 

45.  A  brick  wall  is  10'  high  ;  it  is  13|"  thick;  it  may  be  taken  as  resting, 

without  adhesion,  on  a  horizontal  bed  at  the  ground  level,  and  on 
which  it  bears  uniformly.  Assuming  its  weight  to  be  120  lbs.  per 
cubic  foot,  and  that  its  safe  load  (for  crushing)  is  8  tons  per  square 
foot,  what  wind  pressure  jaer  square  foot  will  it  safely  bear  %  Sketch  a 
vertical  cross  section  and  show  the  centre  of  pressure  on  the  bed 
which  will  accord  Avith  the  assumption  of  a  maximum  pressure  of 
8  tons  per  square  foot.  (51-) 

46.  What  is  the  weight  per  foot  run  of  the  mild  steel  joist  shown 

hWL  ^ 

(approximately)  ?    The  formula  D  =   gives  the  deflection  of 

3  8  4^  J 

a  beam  under  a  load.  For  this  formida  to  applj^,  in  what  way  is  the 
beam  supported  and  how  is  it  loaded  ?  What  do  the  letters  E  and  I 
represent  %  (45.) 

Division  III. 

47.  A  railway  is  carried  over  a  common  road  on  a  masonry  arch  ;  the 

centre  line  of  the  railway  makes  an  angle  of  60°  with  the  centre 
line  of  the  road  ;  the  width  of  the  road  is  24'  ;  the  arch  is  segmental 
(at  right  angles  to  the  centre  line  of  the  road)  having  a  rise  of  9'. 
Draw  the  half  elevation  of  one  face,  showing  the  obtuse  angle  of  an 
abutment,  and  showing  the  joints  in  tlie  half  ring.  In  what  respects 
do  these  ring  joints  differ  from  the  ring  joints  of  a  direct  elliptical 
arch  when  they  are  drawn  as  normals  to  the  intrados  curve  ?  Show 
how  you  draw  normals  to  an  ellipse.  Describe  what  you  understand 
by  a  coursing  helix  in  the  sheeting  of  a  skew  arch.  (51.) 

48  Design  the  truss  shown.  Sketch  sections  of  its  parts  and  the  different 
joints  to  the  scale  of  \.     What  is  the  weight  of  the  truss  %  (51.) 

49.  A  hall  in  a  girls'  school  is  64'  x  24'  ;  it  is  divided  into  three  equal 
class-rooms  by  movable  partitions.    The  floor  above  is  partitioned 
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into  music  rooms  :  it  is  important  that  no  sound  shall  pass  through 
the  floor  and  ceiling.  The  floor  and  ceiling  are  carried  on  rolled 
joists,  which  lie  across  the  24'  span,  and  these  are  managed  so  as  to 
show  below  the  ceiling  as  little  as  possible.  No  timber  enters  any- 
wall.  Give  such  sketches  and  explanations  as  would  fairly  direct 
an  intelligent  foreman  to  have  this  floor  and  ceiling  properly  and 
sufiiciently  constructed.  (51.) 

*50.  The  drawing  shows  the  outline  of  portion  of  a  building  and  the 
direction  of  a  public  sewer,  near  it.  Show  by  neat  sketches  how 
you  would  propose  to  execute  drainage  to  serve  the  wastes  shown. 
A,  water-closet  soil  pipe  ;  B,  the  bath  waste  ;  C,  the  down-spoxiting  ; 
D,  scullery  waste ;  jK,  pantry  waste.  Give  such  short  explanations 
as  you  think  are  needed.  State  shortly  what  you  think  is  the  whole 
duty  of  house  drains.  (51.) 

*51.  Design  staircase  and  landings  in  the  hall  shown  so  as  to  give  access 
to  the  several  doors.  The  staircase  is  of  wood — oak  balusters  and 
handrail,  red  pine  steps,  strings,  etc.,  returned  nosings,  bracketed,  etc. 
Illustrate  your  explanation  by  neat  sketches.  (51.) 
52.  A  drawing-room,  30' x  25'  ;  ceiling,  14'  over  floor,  is  to  be  plastered. 
The  two  25'  walls  and  one  30'  wall  are  outside  walls.  Give  full 
and  minute  instructions  for  the  plastering  of  the  room.  Sketch 
profile  of  the  cornice  and  any  other  mouldings  you  propose  to  use. 
There  are  two  doors,  one  large  double-leaved  door  and  one  ordinary 
sized  door  (in  a  good  house)  ;  there  are  four  windows.  The 
combined  area  of  doors,  windows,  and  fireplace  over  the  level  of 
skirting  grounds  is  360  square  feet.  Skirting  grounds  1'  over  floor. 
Take  quantities  of  the  work  and  estimate  the  cost.  (51.) 


Honours— Part  II. 

Note. — No  Candidate  will  he  credited  with  a  success  in  Part  II.  of  Honours 
who  has  not  obtained  a  previous  success  in  Honours  of  the  same  subject. 

You  may  not  answer  more  than  five  questions,  one  of  which,  and  not  more, 
must  be  selected  from  each  of  the  first  two  divisions. 

Those  Candidates  who  answer  this  paper  well,  will  be  admitted  to  a 
practical  examination  at  South  Kensington.  Candidates  admissible  to  that 
examination  will  be  so  informed  in  due  course. 

The  sketches  for  61  and  62  should  not  be  on  squared  paper,  they 
should  be  on  foolscap.  The  outlines  should  be  firm  and  the  work  should  be 
very  neatly  done  and  the  proportions  reasonably  accurate. 

The  other  sketches  should  as  far  as  possible  be  on  the  squared  paper 
attached  to  the  drawing  paper ;  they  should  first  be  done  in  pencil,  and 
then  neatly  outlined  with  the  ordinary  writing  pen  and  ink  to  make  them 
clear  and  distinct. 

Foolscap  paper  may  be  obtained  on  application  to  the  Superintendents  of 
the  examination.  Written  answers  should  be  in  ink,  and  must  adjoin  the 
sketches  to  which  they  refer. 
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Division  I, 

61.  Answer  only  one  of  the  following,  (a)  or  (o) : — 

(a)  What  are  the  Elgin  Marbles  ?  Where  are  they  ?  To  what 
building  did  they  mainly  belong  ?  Who  were  the  architects  of 
the  building  ?  And  who  was  the  sculptor  who  had  supervision 
and  control  of  the  sculpture  ?  or  (80.) 

(6)  Sketch  a  Greek  Ionic  Capital  (credit  will  not  be  given  for  the 
sketch  if  it  is  carelessly  done).  (80.) 

62.  Answer  only  one  of  the  following,  (a)  or  (b) : — 

(a)  Plan  of  Westminster  Abbey.  In  what  style  is  the  greater  part  of 
the  building?  Transfer  the  plan  to  your  paper.  Indicate 
where  you  would  take  a  friend  to  show  him  (a)  Saxon  and 
Norman  work,  (b)  late  Perpendicular  work.  What  important 
portion  was  built  in  the  beginning  of  the  eighteenth  century, 
and  what  style  is  imitated  in  this  work  1  (80.) 

(6)  What  are  pylons  ?  Sketch  neatly  the  elevation  of  a  building 
showing  pylons.  ^80.) 

Division  II. 

63.  Write  full  instructions  for  a  specification  for  a  bridge  of  a  single  arch 

to  carry  a  20'  roadway  over  a  stream  (the  instructions  should  refer 
to  the  general  conditions  of  the  contract  as  well  as  to  the  actual 
works,  but  they  are  to  be  no  more  detailed  than  is  necessary  to 
enable  an  assistant  to  draw  up  the  full  specification).  The  centre 
line  of  the  stream  makes  an  angle  of  60°  with  that  of  the  road  : 
there  is  a  good  rock  foundation  at  the  level  of  the  bed  of  the  stream : 
abutments  6'  high  (to  springing  from  rocky  bed)  :  span,  at  right 
angles  to  centre  line  of  stream,  20'  :  arch  segmental  on  cross  section, 
at  right  angles  to  the  centre  line  of  the  stream,  having  a  rise  of  8 
feet :  banks  of  stream  6'  over  bed,  30'  from  bank  to  bank.  The 
road  and  fences  are  carried  on  filling  which  slopes  1  to  1  to  level 
top  of  river  banks.  The  general  work  is  to  be  masonry  built  with 
Portland  cement  mortar,  showing  squared  uncoursed  wide  jointed 
rubble  in  faces.  Copings  to  be  thorough  stones,  not  laid  on  a 
prepared  continuous  bed,  but  rising  from  the  uncoursed  masonry, 
chisel  drafted  along  top  corners  and  smooth  dressed  on  top.  The 
sheeting  is  to  be  of  blue  bricks  in  cement  mortar.  Make  such 
sketches  as  will  sufficiently  direct  your  office  assistant  to  make 
accurate  drawings.  (80.) 

64.  The  walls  for  a  stable  have  been  built,  and  a  hayloft  has  been  constructed 

over  the  stable  ;  this  floor  has  been  pugged.  Openings  have  been 
formed  for  door  (7'  x  4')  and  two  windows  (each  5'  x  4')  in  one  side 
wall  (long  dimension) ;  they  are  jjlaced  symmetrically  with  reference 
to  the  outside  of  the  wall.  The  space  within  the  walls  is  28'  x  18', 
and  the  lower  edges  of  the  joists  are  12'  over  the  level  of  the  door 
sill.  Write  full  instructions  for  a  specification  for  :  (a)  the  windows 
and  door,  (h)  floor,  and  drainage,  to  be  carried  to  an  outfall  through 
the  wall  opposite  to  the  door,  (c)  plastering  and  such  finishing  of 
walls  as  you  think  advisable,  (d)  stall  divisions  and  other  fittings, 
(e)  water  supply,  hay  supply,  ventilation,  vermin  prevention.  Draw 
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such  neat  dimensioned  sketches  as  will  enable  a  draughtsman  to 
make  accurate  drawings.  (80.) 

Division  III. 

G5,  Take  accurate  quantities  for  the  bridge  of  Question  63  ;  price  them  and 
write  out  a  detailed  estimate.  (80.) 

66.  You  are  commissioned  to  prepare  a  design  with  complete  drawings  and 

specification  for  a  school  to  cost  £8000,  to  advertise  and  arrange 
for  tenders,  and  to  supervise  and  control  the  work  as  architect  and 
agent  for  the  proprietors.  Write  out  in  detail,  and  as  nearly  as  you 
can  in  order  and  sequence,  the  steps  by  which  you  will  perform  this 
work.  ^  You  are  to  treat  of:  (a)  design,  (b)  drawings  and  copies, 
(c)  specification  and  copies,  (rZ)  quantities  and  copies,  (e)  advertisement 
for  tenders  and  selection  of  a  contractor,  (/)  agreement,  {(j)  appoint- 
ment and  control  of  clerk  of  works,  Qi)  portions  of  the  work  such  as 
steam  heating,  laundry,  electric  plant,  etc.,  as  to  which  you  think 
consultation  with  specialists  necessary.  (80.) 

67.  Describe  :  {a)  office  modes  of  producing  multiple  copies  of  drawings, 

{h)  manifolding  typewriting,  (c)  manifolding  manuscript,  {d)  storing 
drawings  so  as  to  be  carefully  kept  and  easy  of  access,  (e)  arranging 
files  of  correspondence  for  easy  reference  in  connection  with  particular 
works,  (/)  record  of  certificates,  {g)  record  of  expenses.  (80.) 
*68.  Draw  to  the  scale  of  elevations  of  fronts  A  and  B  of  the  thatched 
cottage  shown.  Specify  carefully  with  minute  detail  :  {a)  the 
operation  of  thatching,  (6)  forming  reveals  to  door  and  windows,  (c) 
roughcasting  of  walls,  {d)  how  the  surface  of  the  ground  is  to  be 
finished  along  the  walls.  (80.) 

69.  Design  a  fireplace,  grate,  mantel,  and  overmantel  and  cornice  in  a 

drawing-room.  Height  of  ceiling  from  floor  13'.  Sketch  so  much 
of  each  proposed  separate  detail  as  may  be  necessary  to  show 
accurately  what  is  intended  at  every  part  of  the  work.  These 
sketches  should  be  very  neatly  done.  (80.) 

70.  You  have  to  cover  a  rectangular  space  and  the  walls  enclosing  it  with  a 

wagon  roof  of  sheeting  felted  and  the  felt  tarred.  Inside  dimensions 
80'  X  30',  walls  18"  thick.  Write  down  accurate  detailed  instructions 
for  :  (a)  making  and  bracing  the  ribs — with  sketches,  (6)  spacing, 
and  bearing  on  walls,  (c)  sheeting,  felting,  tarring,  (d)  eaves  gutters, 
and  spouting,  and  any  details  that  may  occur  to  you.  Make  the 
roof  thoroughly  strong  and  secure.  Take  off  and  make  up  the 
quantities  accurately  and  draw  up  a  detailed  estimate  for  the  work. 

(80.) 


Honours— Part  II. 

PRACTICAL  EXAMINATION  AT  SOUTH 
KENSINGTON. 

Time  allowed,  seven  hours. 

Design  a  shop  with  dwelling  over.  The  available  site  is  a  rectangle  having 
a  frontage  to  the  street  of  30'  and  a  depth  from  front  to  rear  of  50'. 
The  shop  and  the  hall  entrance  to  the  dwelling  will  occupy  the 
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whole  of  the  ground  floor.  There  can  be  no  windows  or  doors  in 
walls  of  ground  floor  except  in  the  street  frontage.  At  first-floor 
level  you  are  free,  for  a  depth  of  28'  from  the  front,  to  build 
upwards  as  high  as  you  please,  but  you  cannot  have  windows  in  the 
party  walls.  You  may  have  windows  above  the  ground  floor  in 
any  back  wall  not  more  than  28'  from  the  frontage  line  and  you 
may  put  roof  lights  over  the  back  part  of  the  shop  within  the  limits 
of  the  site.  Dwelling  : — Entrance -hall  and  stairs,  two  sitting- 
rooms,  four  bedrooms,  kitchen,  scullery,  pantry,  store  for  groceries, 
etc.,  larder,  servant's  bedroom,  linen  room,  W.C.,  and  bathroom.  There 
is  a  common  passage  along  outside  the  rear  boundary  10'  wide. 
Give  such  plans  and  sections  as  will  fully  explain  your  design.  Give  the 
front  elevation  in  skeleton  but  finish  parts,  sufficient  to  show  your 
treatment  of  the  whole  front.  Draw  upper  floor  plan  inked  in  and 
write  names  of  apartments  and  dimensions  in  ink.  General  work  in 
pencil,  outline  filled  in,  in  water-colour  (just  enough  to  make  the 
drawings  clear). 


Advanced  Stage. 

You  may  not  answer  more  than  six  questions. 

The  drawings  in  answer  to  Questions  24,  27  (any  drawing  the  candidate 
may  think  useful  for  29),  and  30  should  be  on  the  drawing  paper  ;  they 
may  be  in  pencil.  Written  answers  on  squared  paper  (and  foolscap)  should 
be  in  ink.  Additional  foolscap  may  be  obtained  from  the  Superintendents 
of  the  examination. 


21.  What  is  quicklime,  and  how  is  it  produced  ?    Use  such  terms  as  you 

think  would  be  intelligible  to  a  workman,  familiar  with  the  handling 
of  lime  and  plaster  of  Paris,  and  describe :  (a)  what  happens  when 
water  is  applied  to  quicklime ;  (b)  what  happens  when  plaster  of 
Paris  is  mixed  with  water — to  be  used  for  casts  :  giving  the  best 
rational  explanation  you  can  of  the  actions.  (24.) 

22.  You  have  a  special  kind  of  timber  from  which  to  take  flooring  joists. 

The  formula 


expresses  a  law,  where  A  stands  for  the  drop  or  deflection  at  the 
centre,  w  the  load  per  unit  of  length,  L  the  length  between  the 
supports  or  bearings,  h  the  breadth  or  thickness,  d  the  depth. 
Describe  an  experiment  (using  a  piece  of  the  timber  and  making  use 
of  bricks  for  load,  etc.),  by  which  you  can  determine  k  (24.) 
(See  note  to  Question  24.) 
23.  Assuming  that  you  have  made  the  experiment  of  the  previous  question 
and  that  you  have  found  k  to  be  '000000084  (the  units  being : — 
foot  and  hundredweight) ;  what  is  the  stress  per  unit  of  cross- 
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sectional  area  on  the  outer  fibres  at  tlie  cross  section  of  greatest 
bending  moment : 

L  =  2Q\l  =  l\  A  = -05',  a(;=  1-25  cwt.  ?  (36.) 

{See  note  to  Question  24.) 
*24.  Draw  the  stress  diagram  for  the  roof  truss  loaded  as  shown.  (29.) 
{Note. — A  Candidate  can  obtain  marks  for  not  more  than  two  of  the 
three  questions  Nos.  22,  23,  and  24.) 

25.  Answer  only  one  of  the  following,  (a)  or  {b)  : — 

{a)  Bricks  (9"  X  4|^"  x  3")  cost  35s.  a  thousand;  Portland  cement 
costs  3s.  6d.  a  bushel ;  sand  costs  2  Jd.  a  bushel  (all  as  delivered 
on  the  works).  What  is  the  cost  for  these  materials  for  a  cubic 
■yard  of  two-brick  wall  (mortar,  1  of  cement  to  3  of  sand,  joints 
to  show  Y  thick)  ?    (21  bushels  in  a  cubic  yard.)  (33.) 

(6)  Bricklayers'  wages  are  Is.  an  hour,  attendants'  wages  6d.  an  hour  ; 
for  plain  brick  walling,  16  to  30  feet  over  ground,  give  a 
reasonable  proportion  between  cost  for  bricklaying  and  cost  for 
attendance.  Including  both  items,  what  is  a  fair  cost  per  cubic 
yard  for  workmanship  ?  What  other  items  of  expenditure 
should  be  charged  to  the  brickwork  ?  Give  reasons  for  your 
proportion  and  estimate,  (33.) 

26.  In  towns  where  ashlar  masonry  is  common  the  lintels  to  window  and 

door  openings,  though  of  excellent  stone,  are  seen  to  be  in  very  many 
cases  broken  across  ;  explain  the  cause  of  this.  How  might  this 
fracture  of  lintels  be  prevented  1  (24.) 

27.  Draw  {a)  the  elevation,  (6)  a  vertical  cross  section  at  the  centre,  and  (c) 

a  half  horizontal  cross  section  (just  over  the  grate)  of  a  good  register- 
grate  iireplace,  to  the  scale  of  -J.  How  is  the  fireblock  back  to  be 
renewed  ?  How  is  the  chimney  to  be  swept  and  the  soot  cleared 
away.  (33.) 
*2S.  A  cornice  of  the  cross  section  shown  is  to  be  formed  round  the  ceiling 
of  a  room  :  describe  the  complete  operations  (omit  the  making  of 
modillions  and  their  attachment,  also  the  finishing  of  the  soffit) : 
describe  the  materials  used  :  describe  moulds,  screeds,  rules,  and 
tools  used,  and  modes  of  using  them.  How  are  the  dentils  made 
and  attached  1    Describe  the  working  of  a  mitre.  (36.) 

29.  A  right  circular  cone  roof,  over  a  lantern,  is  8'  in  diameter  at  the  eave, 

it  is  3'  high  (from  base  at  eave  to  vertex),  it  is  to  be  covered  with 
copper  plates  in  the  manner  of  slating,  they  are  trimmed  and  bent  to 
fit  on.  The  margin  is  6",  the  lap  is  3" ;  the  apex  is  finished  with  a 
conical  cap  of  sheet  copper,  8"  diameter  at  the  base ;  the  sheet 
copper  weighs  3  lbs.  per  superficial  foot ;  omitting  nails,  what  is  the 
total  weight  of  copper  on  the  roof?  (33.) 

30.  Draw  carefully  to  the  scale  of  -|  the  horizontal  cross  section  of  a  fully- 

trimmed  window,  through  one  jamb  and  reveal.  The  wall  is  of 
stone,  aslilar  face  ;  reveal  6"  deep  ;  wall  2'  thick,  battened  (or 
stoothed).  Show  jamb-lining,  three-faced  architrave,  folding  shutters 
(window  about  4'  wide),  ground,  lathing,  and  plaster.  Sketch  to  the 
scale  of  ^,  cross  section  through  sash  bottom  rail,  oalc  sill,  and  stone 
sill.  If  you  adopt  a  water-bar  explain  how  you  prevent  water  pass- 
ing inwards  at  the  ends  of  the  oak  sill.  (28.) 
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31.  Answer  only  one  of  the  following,  (a)  or  (6) ; — 

(ft)  Sheet  lead  which  is  repeatedly  treated  to  sudden  dashes  of  warm 
(or  hot)  water  wrinkles  permanently  in  a  remarkable  manner 
(seen  when  a  scullery  or  pantry  sink  is,  as  is  occasionally 
done,  lined  with  sheet  lead) :  explain  this.  (24.) 
(Z))  Sketch  neatly  and  clearly  a  longitudinal  section  of  a  good  screw- 
down  bib-cock.  (24.) 
*32.  Trace  neatly,  in  ink,  tlie  drawing  shown,  also  the  writing  and  figures. 
(The  Indian  ink  should  be  sufficiently  thick  to  give  opaque  lines 
suitable  for  photographic  printing  ;  the  lines  should  be  well  defined, 
uniform  in  breadth,  having  firm,  unbroken  edges ;  they  should 
neither  stop  short  of  nor  go  beyond  the  proper  points.)  (28.) 


Honours— Part  I. 

You  may  not  ciimver  more  than  six  questions,  of  which  at  least  one  must  he 
selected  from  each  of  the  first  tivo  divisions  and  two  from  the  last.  The  tracing 
must  he  attempted. 

Sketches  and  answers  may  be  on  the  squared  paper  which  is  attached  to 
the  drawing  paper.  Additional  foolscap  may  be  obtained  from  tlie  Super- 
intendents of  the  examination. 

The  tracing  should  be  drawn  on  the  tracing  paper  attached  to  the  drawing 
paper. 

The  drawings,  in  answer  to  Questions  44  and  50,  should  be  on  the  drawing 
paper  ;  they  may  be  in  pencil. 


Division  I. 

41.  (a)  Describe  a  lime-kiln — illustrate  with  sketches.    Describe  the  pre- 

paration of  limestone  for  burning,  (h)  Given — Ca  40,  O  16,  C  12  ; 
what  weight  of  lime  should  result  from  a  charge  of  4  tons  of  lime- 
stone ?  The  weight  of  limestone  is  made  up  of  3-424  tons  of 
CaCOg  +  '4  ton  of  a  substance  not  altered  in  weight  by  the  burning, 
-f-  -176  ton  of  water  which  is  driven  off.  (c)  How  many  cwt.  of 
coals  (approximately)  are  required  to  burn  4  tons  of  limestone  to 
lime?  "  (51.) 

42.  Describe  exactly  the  manufacture  of  lead  pipes  for  plumbers'  work. 

Illustrate  your  description  with  sketches.  (45.) 

43.  Describe  carefully  the  preparation  of  plaster  of  Paris.    In  what  respects 

does  plaster  of  Paris  differ  from  the  gypsum  from  which  it  is  made  ? 

(45.) 

Division  II. 

*44.  It  is  assumed  that  the  girder  shown  may  be  separated  into  two  deter- 
minate girders,  placed  side  by  side,  and  the  load  also  divided  and 
placed  equally  on  the  two  girders.  When  thus  loaded  and  stressed 
the  two  girders  may  be  recombined  without  alteration  in  the  stresses. 
On  this  supposition,  find  graphically  the  stresses  in  the  members  of 
the  girder  loaded  as  shown.  (Full  marks  will  be  given  for  an 
B.C. — II  2  D 
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acciirate  continuous  diagram  which  will   include   all   the  joints 
between  A  and  B.)  (51-) 
45.  The  reservoir  (for  distribution)  of  the  waterworks  of  a  small  town  is  a 
circular  cylinder,  30  feet  high  and  20  feet  in  diameter.    When  the 
cylinder  is  full  of  water,  what  is  the  tensional  stress  in  a  ring  of  the 
cylinder  1  foot  wide  (or  deep),  whose  centre  line  is  at  the  height  of  1 
foot  6  inches  from  the  bottom  ?    What  should  be  the  thickness  of 
iron  plate  to  safehj  sustain  this  stress  ?  (51.) 
*46.  A  mild  steel  joist,  of  the  cross  section  shown,  rests  horizontally  on  two 
supports,  one  at  each  end,  having  its  web  vertical ;  it  is  40  feet 
long  : — 
(a)  Given 

^3^  ^^^n  -^  =  30,000,000  (Ib.-in.), 

find  A  in  inches.    (Rounded  angles  taken  as  not  rounded  ; 
take  the  average  thickness  of  lianges.) 
(/;)  What  is  the  maximum  stress  in  lbs.  per  square  inch  upon  the 
steel  at  the  cross  section  of  greatest  bending  moment?  (51.) 


Division  III. 

*47.  The  drawing  shows  a  vertical  section,  through  a  diameter,  of  a  circidar 
concrete  and  masonry  reservoir  ;  the  flat  cover  is  supported  upon 
cast-iron  pillars,  6  inches  in  diameter,  metal  f  inch  thick  ;  square 
flanges  on  their  ends,  12  inches  by  12  inches,  -I  inch  thick  (the 
pillars  are  not  shown  on  the  drawing,  they  are  34  in  number). 
Find  accurately  {a)  tlie  quantity  of  masonry  and  concrete  combined  ; 
(h)  the  quantity  of  water  in  gallons  that  the  reservoir  will  hold  when 
the  water  surface  is  within  six  inches  of  the  roof ;  (c)  the  weight  of 
iron  in  the  pillars  ;  (d)  the  quantity  of  surface  to  be  floated  and 
trowelled  smooth  ;  («)  draw  up  an  estimate  of  the  cost  of  this  resevoir 
(omit  standpipe,  overflow,  and  washout ;  but  include  manhole  and 
foot  irons).  (51.) 

48.  Sketch  to  the  scale  of  about  \  a  vertical  section  to  show  the  parts  of  a 

first-class  wash-down  water-closet.  Show  the  connection  with  the 
soil-pipe  :  show  the  flushing  tank  and  explain  its  parts  and  mechan- 
ism :  show  particularly  the  connections  of  the  porcelain  with  the 
metal  piping.  (51.) 

49.  Give  careful  instructions  ;  give  dimensions  ;  make  sketches  of  parts  ; 

specify  particularly  the  materials  ;  for  a  good  ordinary  pattern  house- 
painters'  ladder  30  feet  long.  How  much  should  it  cost  ?  (45.) 
*50.  The  drawings  show  the  ground  floor,  and  the  first  and  second  floors 
of  a  building  and  the  doors  opening  into  a  central  well ;  there  is 
a  third  floor  having  3  doors  exactly  over  the  three  doors  marked  25' 
on  the  second-floor  plan  :  design  stairs  and  landings  for  these  floors  : 
the  height  of  the  third  floor  is  40  feet ;  winders  are  not  allowed  : 
it  will  be  sufficient  to  show  the  risers  of  bottom  steps  and  top  steps 
at  landings,  etc.,  and  to  give  the  number  of  intermediate  risers  : 
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landings  should  be  marked  distinctively  witli  two  diagonal  lines. 
The  heights,  over  ground,  of  the  different  floors  are  marked  on  the 
plans.— Ground  floor  0',  first  floor  12',  second  floor  25'  and  28'  (the 
risers  are  shown  from  the  25'  level  to  28'  level).  (51.) 
51.  (a)  Sketch  to  the  scale  of  1  the  head  and  point  of  a  12"  x  12"  timber 
pile  prepared  for  driving.  (6)  What  do  you  know  of  the  pressure 
between  the  base  of  the  monkey  and  the  head  of  the  pile  after  impact  ? 
(c)  If  a  monkey  weighing  8  cwt.  falls  7  feet  to  the  head  of  a  pile 
and  drives  the  pile  1  foot,  what  is  the  effecti\  e  average  pressure  on 
the  head  of  the  pile  during  its  motion  1  {d)  If  the  pile  is  driven 
only  a  very  short  distance  (or  is  not  noticeably  moved),  can  you 
estimate  the  force  or  pressure  ?  (e)  In  general  terms,  compare  the 
effect  of  the  stroke  of  a  monkey  of,  say  4  cwt.,  falling  14  feet,  with 
that  of  the  monkey  and  fall  given  above.  (51.) 
*52.  Trace,  in  ink,  the  Ionic  volute  curve  shown,  and  the  words  "Ionic 
volute."  (This  curve  is  a  series  of  quadrants  of  circles  :  it  is 
important— for  full  marks— that  the  line  shall  be  uniform  and  that 
no  points  of  junction  shall  show.)  (45  ) 


Honours  -Part  II. 

Note. — No  Candidate  luill  be  credited  with  a  success  in  Part  II. — Honours  who 
has  not  obtained  a  previous  success  in  Honours. 

You  may  not  answer  more  than  five  questions,  one  of  which,  and  not  more, 
must  be  selected  from  each  of  the  first  tivo  divisions.  You  must  also  attempt  the 
tracing. 

The  sketches.  Questions  61  and  62,  should  be  drawn  on  the  drawing 
paper— not  on  the  squared  paper  :  they  may  be  first  sketched  in  pencil,  but 
they  are  expected  to  be  neatly  finished,  as  pen  sketches,  in  Indian  ink. 

The  other  sketches  should  be  clear  and  effective.  Candidates  may  (in 
this  stage)  draw  them  either  on  the  squared  jjaper  or  on  the  drawing  paper. 
Writing  on  squared  paper  and  on  foolscap  should  be  in  ink. 


Division  I. 

61.  Answer  one  only  of  the  following,  {a),  (b),  (f),  or  (d)  :  

(a)  Draw,  to  fill  a  space  2|"  deep  and  5"  long,  the  Greek  double 
guilloche  ornament.  (80.) 

(6)  Sketch,  to  fill  a  band  2l"  deep,  the  complete  honeysuckle  and 
lotus,  or  papyrus  and  lotus,  Greek  ornament.  (80.) 

(c)  Draw  faintly  in  pencil  14  parallel  straight  lines         apart;  on 

these,  making  use  of  them,  work  a  Greek  fret.  (80.) 

(d)  What  is  a  Ghoragic  monument?    Describe  the  Choragic  Monu- 

ment of  Lysicrates.  Sketch  the  termination  of  a  flute  (at  its 
^'OP)-  (80.) 

62.  Answer  one  only  of  the  following,  (a),  (b),  or  (c) :  

(a.)  Sketch  for  each  of  the  "  styles ":  — Norman,  Early  English, 
Decorated,  and  Perpendicular, — at  least  one  characteristic 
moulding  ornament.  ^80.) 
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(6)  Sketch  for  each  of  the  "styles":  —  Norman,  Early  English, 
Decorated,  and  Perpendicular, — the  top  of  a  buttress.  (80.) 

(c)  Sketch  a  Moorish  Capital  (Alhambra)  with  fairly  elaborate 
ornament.  (80.) 


Divisiojf  IT. 

'63.  The  drawing  shows  the  plan  and  the  front  elevation  of  a  cottage  which 
has  been  built  for  the  accommodation  of  a  clergyman.  Write  down 
full  instructions  which  would  be  sufficient  to  guide  an  assistant  to 
write  a  complete  specification  for  the  work,  to  be  executed  by 
contract. 

Instruct  him  as  to  ddail  drawings.    Note  for  his  guidance  any 
small  omissions  on  the  drawing.  (80.) 
(iS'ee  note,  Question  65.) 

64.  Make  such  sketches  as  will  enable  an  assistant  to  make  complete 

drawings  for  a  switch  and  signal  cabin  at  a  village  railway  station. 
Write  full  instructions  from  which  he  can  write  a  specification  for 
the  work,  which  is  to  be  done  by  contract  (omit  levers  and  electrical 
arrangements),  (80.) 

Division  III. 

65.  Take  accurate  quantities  of  the  masonry  and  brickwork  of  Question  63. 

Bring  them  into  bill  and  estimate  the  cost  in  detail.  (Candidates, 
who  prefer  to  do  so,  may  assume  the  outside  walls  to  be  of 
brickwork  9"  thick,  keeping  the  outer  faces  as  shown  :  this  note  also 


applies  to  Question  63.)  (80.) 
66.  Take  accurate  quantities  for  the  signal  and  switch  cabin,  Question  64, 
bring  them  into  bill  and  estimate  the  cost  in  detail.     (Omit  levers 
and  electrical  arrangements.)  (80.) 


67.  You  have  to  carry  a  railway  through  a  hill  ;  the  surface  of  the  ground 

is  40  feet  above  the  "formation"  surface  of  the  railway  (that  is  the 
surface  which  is  prepared  to  receive  the  ballast  to  sustain  the 
sleepers) ;  the  total  breadth  of  the  formation  and  drains  is  25' ;  the 
slopes  in  open  cutting  would  be  secure  at  1  to  1  ;  the  ground  is  easy 
to  get  and  to  fill  :  you  have  to  decide  whether ; — («)  you  will  have 
an  open  cutting  with  slopes  tlie  whole  way  down  to  the  formation  ; 
(6)  you  will  have  an  open  cutting  with  revetment  walls  ;  (c)  you 
will  excavate  a  tunnel  and  line  it  with  brickwork  :  describe  in 
what  way  you  will  seek  to  come  to  a  sound  conclusion  (the  question 
is  one  of  cost  only).  Sketch  half  cross  sections  of  (a)  open  cutting 
the  full  depth  ;  (6)  open  cutting  with  revetment  walls  10  feet  high; 
(c)  the  tunnel :  stone  costs  3s.  a  ton,  bricks  35s.  a  thousand,  Portland 
cement  40s.  a  ton,  sand  2|(?.  a  bushel.  Find  the  cost  of  a  yard 
forward  on  each  assumption.  (80.) 

68.  Coating  iron  with  zinc  in  the  manner  called  "  galvanising "  protects 

the  iron  from  rusting  at  scratches  which  expose  the  iron  surface,  and 
at  small  bare  areas  wider  than  scratches  make  ;  coating  iron  with  tin 
does  not  protect  the  iron  in  the  same  way  :  exj)lain  this.  (80.) 

69.  Write  instructions  for  a  clerk  of  works  (whom  you  have  appointed  to 
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supervise  the  building  of  a  large  house  ;  the  work  is  being  done  by 
contract)  ;  they  should  regulate  his  dealing  with  doubtful  materials 
and  workmanship,  his  reports  to  you,  his  attendance  on  the  work, 
etc.,  etc.  (80.) 
*70.  Trace,  in  ink,  the  plan  of  the  cottage,  also  the  dimensions  and  the 
writing — on  the  plan.  (The  lines  should  be  opaque  so  as  to  give 
good  prints.)  (80.) 


Honours— Part  II. 

PEACTICAL  EXAMINATION  AT  SOUTH 
KENSINGTON. 

Time  allowed,  seven  hottrs. 

Design  a  village  elementary  school,  of  one  story,  for  60  male  pupils.  The 
site  is  a  rectangular  plot  having  100  feet  frontage  to  a  public  road, 
and  it  is  200  feet  in  depth.  In  the  road  there  is  a  public  sewer 
and  a  water  supply  main. 

Give  a  skeleton  drawing,  to  a  small  scale,  showing  how  you  place  the  school; 
the  road  runs  east  and  west  and  the  plot  is  on  the  north  side  of 
the  road.  You  have  to  build  a  boundary  wall  6  feet  high  and  to 
provide  for  entrance  and  exit.  Give  such  plans,  elevations,  and 
sections,  to  the  scale  of  as  yo"a  think  sufficient  for  the  letting  of 
the  work  to  be  executed  by  contract.  (The  soil  is  compact 
homogeneous  clay.)  Candidates  should  make  a  list  of  the  items  of 
accommodation  which  they  think  necessary  ;  they  should  provide  for 
this  accommodation  in  the  most  substantial,  efficient,  and  economical 
ways.  The  elevations  should  be  appropriate  and  in  good  taste.  It 
will  be  sufficient  to  draw,  in  detail,  one  feature  (as  a  window, 
etc.)  where  there  are  several  identically  the  same.  The  site  may  be 
taken  as  level.    Large  scale  detail  drawings  are  not  expected. 
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A 

Accumulators,  281 
Adapter,  276 

Air,  240;  composition  of,  240;  amount 

required  for  ventilation,  243 
Alarms,  326  ;  burglar,  328  ;  fire,  325 
Allen's  system  of  fireproof  floors,  192 
American  system  of  fireproof  floors, 
194 

Ammeter,  282,  283 
Angle  bead,  69 
Anti-syphonage  pipe,  51 
Apron  lining,  161 
Arc  lamps,  273 

Arched  floors,  disadvantages  of,  187  ; 

systems,  183 
Arches,  brick,  for  fireproof  floors,  183 

„      core  of,  134 

„      gauged,  134 

„      inverted,  16 

„      relieving,  123 

„      rough  relieving,  134 
Architraves,  97,  123 

„         double  faced,  126 
Argand  burners,  275 
Arrangement  of  stone  stairs,  154 
Arrises,  wood,  118 

„      plaster,  214 
Asphalte,  346 
Atkinson's  cement,  199 

B 

Back  boxing,  105 

„     lining  of  sash  frame,  105 
Back  flaps,  135;  folds,  135;  linings, 

123,  129,  135 
Backing,  123,  124 
Back  pressure  valve,  236 
Balanced  steps,  179 
Balusters,  149,  161,  175 

„        iron,  175;  wooden,  175 
B.C. — II  A 


Barred  door,  80 
Barrel  bolts,  113 
Bars,  80 

Base,  126,  128  ;  plate,  126 
Bastard  flatting,  217 

„       stucco,  200,  210 
Bath,  61;  iron,  62;  porcelain,  61; 

Eoman  pattern,  63 
Batswing  burners,  274 
Battened  walls,  201 
Battens,  70,  123,  201 
Battery,  storage,  281  ;  switch,  282 
Bay  windows,  96 
Bead  butt,  77  ;  flush,  78 
Bead,  inside,  123;  jDarting,  123 

„     staff  in  cement,  214 
Beaded  joints,  72 
Beads,  68  ;  different  kinds  of,  69 
Beams,  361-365,  369-372  ;  cast-iron, 

365  ;  continuous,  363  ;  fixed,  362 ; 

supported,    361  ;    timber,    365  ; 

trussed,  368  ;  weight,  360,  370 
Bearers,  161,  170;  cross,  161 
Bearing  piles,  8 
Bell  trap,  32 
Bells,  electric,  324 
Belt  rail,  83 
Benched  foundations,  2 
Binders,  145 
Blocked  joints,  122 
Blocks  or  blockings,  123,  161 
Board  of  Trade  Unit,  280 
Board,  window,  97 
Boarding,  match,  73 
Boiler,  233;   brick -set,  258  ;  inde- 
pendent,  258  ;    cast-iron,   259  ; 

wrought-iron,  258. 
Bolection  mouldings,  118 
Bolts,  screw,  121 
Bottled  or  bottle-nosed  step,  149 
Bottom  panel  of  door,  83 
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Bottom  rail  of  door,  83  ;  of  sash,  97 

Bound,  76 

Boxed  frames,  97 

Boxings  for  shutters,  135,  137 

Braces,  24 

Bracket,  123,  161  ;  rough,  161,  167, 
172 

Bracketed  stairs,  173 
Brads,  69 
Brandering,  202 

Breast  linings,  129  ;  of  step,  149 

Brick  arches  and  girders  for  fireproof 
floors,  183 

Bricklayers'  scaffolds,  23 

Bricks,  340  ;  burrs,  341  ;  chuffs,  341  ; 

common,  340  ;  cutters  or 
rubbers,  340  ;  grizzles,  341  ; 
hand-made,  340  ;  machine- 
made,    340,  341  ;  malms, 

340  ;  manufacture  of,  340  ; 
pavior's  facing,  340  ;  hard, 

341  ;  place,  341  ;  size,  341  ; 
stock,  341  ;  washed,  340 ; 
weights,  341 

„    varieties  of,  341,  342  ;  Dutch 
clinkers,    341  ;  enamelled, 

341  ;  Fareham  red,  341  ; 
fire,  341  ;  fireclay  ware,  342  , 
gault,  341  ;  moulded  and 
purpose  made,  341  ;  pipes 
and  clay  goods,  342 ;  Stafi'ord- 
shire  blue,  341  ;  stoneware, 

342  ;  terra-cotta,  341,  342  ; 
unglazed  ware,  342  ;  white, 
341 

Bridging  joists  of  floor,  161 

Broken  brick  or  stone,  182 

Built-up  girders,  193 

Bunnett's  system  of  arched  floors,  187 

Burners,  274  ;  Argand,  275  ;  Bats- 
wing,  274  ;  Fishtail,  274  ;  Incan- 
descent, 275  ;  Regenerative,  275  ; 
Welsbach,  270 

Butt  joints,  119;  hinges,  113 

C 

Cable  laying,  287;  drawing-in  system, 

287  ;  solid  system,  287 
Cables,  285;  laying,  287;  testing, 

319,  385 
Calderwood  cement,  199 


Games,  227 

Candle,  262  ;  foot,  262  ;  power,  262  ; 

standard,  262 
Cantilever,  361,  362,  364 
Capping,  147  ;  134,  145 
Carbonic  acid,  240  ;  in  pure  air,  241  ; 

given  out  by  illuminants,  242  ; 

respired,  243 
Carriages,  163,  174 
Carton  pierre  or  papier  mache,  206 
Cased  frames,  97  ;  parts  of,  105 
Casement  window,  110 
Cast-iron,  181,  352 

„        castings,  352 

„        chilled,  352 

„        girders,  193 

„        gray,  352 

„        malleable,  352 

„        mottled,  352 

„        painting  of,  221 

„        structure,  352 

„        white,  352 
Cavetto  moulding,  116 
Ceiling  joists,  184,  206 
„      light,  144 
„      roses,  314,  317,  382 
Ceilings,  lathing  of,  201 
Cells,  321;  Leclanche,  321 ;  Burnley, 

321 

Cement  angles,  214  ;    screeds,  208  ; 

slag,  182;  staff  beads,  214 
Cements,  199,  344  ;  Atkinson's,  199  ; 

Calderwood's,  199  ;  Harwich,  199 ; 

Keene's,    199  ;    Martin's,    199  ; 

Medina,  199;   Mulgrave's,  199; 

Parian,  199  ;  Portland,  199,  345  ; 

Robinson's,  199 ;  Roman,  199, 344 ; 

Whitley,  199 
Chain  and  barrel  fastenings,  113 

„     for  lifting  stone,  28 
Chair  rail,  128 
Chalk  foundations,  4 
Chamfer,  stop,  70 
Chamfered  panel,  78 
Chamfering,  70 

Circuits,  general  arrangement  of,  301 
„  arc  lamp,  304 

„  incandescent  lamp, 

302 

„  short,  285 

Circular  geometrical  stairs,  152,  160 
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Circular  newel  stairs,  152,  158 
„       stairs,  152,  158 

Circulation,  234;  branch,  235;  crossed, 
235  ;  duplicate,  234  ;  single,  234 

Clamping,  121  ;  mitre,  122 

Clamps,  340 

Clay  foundations,  4 

Clearcole,  220 

Close  strings,  163 

Closed  tank  system,  230 

Closers  for  shutters,  135 

Closets,  50;  long-hopper,  50;  pan,  50; 
plunger,  50;  syphonic,  51;  valve, 
53;  wash-down,  52;  wash-out,  50 

Coarse  stuff,  200,  202 

Cocked  bead,  69  ;  and  fillet,  69 

Colouring,  213 

Common  dovetail,  120;  ground,  124; 

stucco,  200,  209 
Compound-wound  dynamo,  281 
Compressible  soils,  1,  5 
Compression  bars,  364 
Concrete,  346  ;  floors,  183,  187,  190  ; 

encasement  of  girders  and  columns, 

198 

Conductors,  285 

„         lightning,  334 
Conduits,  288;  asphalte,  291;  cast 
iron,  288;  stoneware,  288  ;  tubu- 
lar, 310  ;  wrought  iron,  288 
Copper  roof  coverings,  356 
Copper  conductors,  285,  377 
Core  of  arch,  134  ;  of  handrail,  174 
Cornices,  205  ;  large  coved,  207 
Counter  lathing,  202 

skylight,  144 
Cover,  double-seal,  44 
Cover  flaps,  139 
Cradling,  123,  132 
Cranes,  27 
Cross  bearers,  161 

,,     garnet  hinges,  113 

„     tailed  hinges,  113 

„     grooving,  71 
Curb,  145 

Current,  alternating,  279  ;  continu- 
ous, 279 
Curtail  step,  149,  172,  175 
Cut  and  mitred  strings,  161 

„    strings,  161 
Cyma  recta  moulding,  116 


Cyma  reversa  moulding,  116 
D 

"D"  trap,  31 

Dado,  119,  121,  123,  127 

Dancing  steps,  179 

Dawnay's  system  of  fireproof  floors, 
192 

Decorated  mouldings  in  plaster,  208 
Defective  jointing,  35 

„       junction,  36 

„       overflow,  38 

„       sink-waste,  36,  37 
Dennet's  fireproof  floors,  185 
Depeter,  213 
Depretor,  213 
Derrick  cranes,  27 

Diffusion,  248,  263;  diffuse  reflection, 
264 

Dimensions  of  stairs,  149 
Disadvantages  of  arched  floors,  187 
Disconnecting  chamber,  40,  43 
Distemper,  213 
Distributing  board,  315 

„  fittings,  282 

,,         mains,  283 
Dog-legged  stairs,  151,  155,  167 

„  »     laying  out,  177 

Dolly,  11,  15 
Door  frames,  93 

Doors,  79  ;  framed  and  braced,  82  ; 

furniture  of,   112;   ledged,  80; 

1  edged  and  braced,  81  ;  method 

of  putting  together,  85  ;  panelled, 

83  ;  sliding,  93 
Doorways,  jamb  linings  to  external, 
130 

„        solid  frames  with  jamb  lin- 
ings for  internal,  130 
„        jamb  lining  with  framed 

grounds,  131 
„        jamb  lining  with  finished 
grounds,  132 
Double  dovetail  keys,  121 
„      faced  architraves,  126 

laths,  200 
„      ovolo  moulding,  116 
„      quirked  bead,  69 
„      rebated  linings,  133 
„      seal  cover,  44 
„      size,  200 
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Double  skirting,  127 
„      tenons,  74 
„     torus  moulding,  115 
Doulton  -  Peto's    system  of  fireproof 

floors,  184 
Dovetail,  common,  120  ;  double  keys, 
121;   joints,   120;   keys,  120; 
lap,    120;    mitred,    120;  pins, 
120;  secret,  120;  sockets,  120 
Dovetail  joints,  73 
Dovetailed  slip  feather,  72 
Dowelled  joints,  71 
Drainage,  30 

Drains,  34  ;  cast-iron,  45  ;  stoneware, 

45  ;  jointing,  47 
Drop  mains,  232 

Dynamo,  280  ;  series -wound,  280  ; 
compound  -  wound,  281  ;  shunt 
wound,  281 

E 

Earth  connection,  285  ;  tester,  282 

„     dead,  285 
Earthing,  292 

Elbow  linings,  129,  133,  134 

Electric  accumulators,  281  ;  arc 
lamps,  273;  bells,  321;  burglar 
alarms,  326  ;  cooking  appliances, 
385  ;  conduits,  288  ;  conductors, 
285  ;  current,  279  ;  door  opener, 
326 ;  fire  alarms,  325 ;  in- 
candescent lamps,  271  ;  installa- 
tion, 277  ;  lighting,  262;  signals, 
321 ;  telephones,  329;  water-level 
indicators,  326  ;  wiring,  326 

Electrical  accessories,  314;  definitions, 
277 ;  installations,  282  ;  terms, 
glossary  of,  373 

Engines,  pile,  12 

Escutcheon,  112 

Espagnolette  bolt,  114 

Evans'  and  Swain's  system  of  firejjroof 
floors,  192 

Excavation,  18 

Expired  air,  243 

External  doorways  with  jamb  linings, 
130 

„       work  in  cement,  208 
F 

Fall  of  Potential,  286 


Fanlights,  91* 
Fascine  foundations,  6 
Fat  limes,  199,  344 
Fautons,  196 
Fawcett's  system,  189 
Feather-edged  steps,  153 

„      slip,  71,  118 

„      tongued  joints,  170 
Fer  a  coulisse,  197 
„   tubulaire,  196 
Fielded  panel,  79 
Fillet  for  skirting,  123,  125,  126 

„     for  stairs,  161 
Fillets,  97 
Fine  stuff,  200 

Finished  or  wrought  ground,  124 

Fireclay,  189 

Fireplaces,  open,  229 

Fireproof  blocks,  Whichcord's,  184 
„       floors,  181,  198 
„  „     Allen's  system,  192 

„  „     Americansystem,  194 

„  „     Arched  system,  183 

„  „     Bunnett's  system,  187 

„  „     Dawnay's  system,!  92 

„  „     Dennett's  system,  185 

„  „     Doulton -Peto's  sys- 

tem, 184 
„  „     Evans'  and  Swain's 

system,  192 
„  „     Fawcett'ssystem,  189 

„  „     Fox   and  Barrett's 

system,  190 
„  „     French  system,  195 

„  „     general  remarks  on, 

181 

„  „     girders    and  brick 

arches,  183 
„  „     hollow     bricks  or 

tubes  system,  187 
„  „     Homan  and  Eodger's 

patent,  188 
„  „      Hornblower's  system, 

189 

„  „     Lindsay's  system, 

186,  191 

„  „     Moreland's  system, 

192 

„  „     Northcroft's  system, 

185 

„  „     Piei-son's  system,  192 
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Fireproof  floors,  strained  wire  system, 
186 

„  „     Tliuasne's  system, 

195 

„  „     Wilkinson's  system, 

186,  197 
„  „      roofing,  195 

Firrings,  201 

First  coat  plastering,  203 

Fishtail  burners,  274 

F^ixing  grounds,  124 

„     joiners'  work,  123 
„     stone  steps,  153 

Flange  girders,  366 

Flanges  of  girders,  365 

Flaps  for  shutters,  135-142 

Flashing,  lead,  for  skylight,  143 

Flatting  painted  surfaces,  217 

Fliers,  149,  174 

Flight,  going  of,  149 

„     of  stairs,  149,  150 

Floating,  203 

Floating  and  setting,  205 

Floor  joist,  141 

Floors,  181 

„     Allen's  system,  192 
„     American  system,  194 
„     arched,  183;  disadvantages  of, 
187 

„     Bunnett's  system,  187 

,,     concrete  for,  191 

„     Dawnay's  system,  192 

„     Dennett's  fireproof,  185 

„     Doulton-Peto's  system,  184 

„     Evans'  and  Swain's  system,  192 

„     Fawcett's  system,  189 

„     fireproof,  181 

„     Fox  and  Barrett's,  190 

„     French  systems,  195 

„     Homan  and  Rodger's  patent 

fireproof,  188 
„     Hornblower's  system,  189 
„     Lindsay's  system,  186 
„     Moreland's  syetem,  192 
„     Northcroft's  system,  185 
„     Pierson's  system,  192 
„     Thuasne's  system,  195 
„     tile,  187 

„     Wilkinson's  system,  186,  197 
„     wood,  182,  187;  arched,  194; 
cost,    182 ;  permanency. 


182;      pugged,  194; 
strength,  182 
Flow  and  return  pipes,  230 
Flush  bead,  69 
„     bolt,  113 
„     panel,  77 
Flushing  cistern,  57 
Folding  doors,  89 

„      shutters,  135 
Footing  pieces,  21 
Forms  of  stairs,  151 

„     wooden  stairs,  165 
Foundations,  1  ;  concrete,  7  ;  pile,  7  ; 

tubular,  11  ;  well,  12 
Fox  and  Barrett's  floors,  190 
Foxing,  108 
Frame,  door,  93 
„     window,  97 

„  „       cased,  103;  solid,  103 

Framed  and  braced  door,  82 

„      and  ledged  door,  83 

„      grounds,  124 
Frames,  cased,  103  ;  fixing,  109 
Framing  in  joinery,  76 
Franking,  100 

French  system  of  fireproof  floors,  195 

„      windows,  110 
Fresco,  220 
Fretwork,  227 
Frog,  340 
Front,  putty,  224 
Furniture,  112 
Furrings,  161 
Fuse  boards,  315 
Fuses,  282,  283 

G 

Gabers  scaffolds,  25 
Galton  grate,  229 
Gantries,  25 
Gauged  arch,  134 

„      plaster  work,  205 
„      stuff,  200 
General  remarks  on  fireproof  floors,  181 
„  foundations,  1 

„  planning  stairs,  175 

Geometrical  circular  stairs,  162,  160 
„         stairs,  152,  157,  170 
„  „     laying  out,  179 

Gilding,  222  ;  burnished,  222  ;  dead, 
222 
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Girders,  365;  braced,  369  ;  and  brick 
arches,  183;  cast-iron,  193; 
flange,  193 ;  iron,  365  ;  plate, 
193  ;  riveted  plate,  366  ;  rolled 
wrought  iron,  193,  366 

Girders  filled  in  with  concrete,  190 
„      with  cast-iron  plates,  193 
,,      with  wrought  iron  plates,  193 

Glazing,  215;  fretwork,  227 
,,       in  iron  sashes,  224 
„       in  lead  work,  227 
„       in  wooden  sashes,  223 
„       skylights,  224 
„       without  putty,  225 

Glued  and  blocked  joints,  122 
„     block,  161  ;  joints,  122 

Going  of  a  flight,  149 
„     of  a  stair,  149 

Graining,  218 

Granite,  342 

Gravel  foundations,  4 

Grease  trap,  65 

Grillage,  9 

Grooved  grounds,  124 

„       panel,  78 

„       and  tongued  joints,  71 
Grooving,  plough,  71  ;  cross,  71 
Grounds,  123;  common,  124;  finished, 

124;  fixing,  124;  framed,  124; 

grooved,     124  ;     mitred,     124 ; 

splayed,  124  ;  wrought,  124 
Grout,  346 
Gypsum,  182 

H 

Half-diameter  pipe,  44 

„    space  landing,  149,  156 
Hammer-headed  key -joint,  121 
Handrailing,  149,  161,  174 

„  knee  in,  175 

„  mopstick,  174 

„  Newland's     rule  for 

height,  174 

„  ramp  in,  175 

,,  swan  neck  in,  175 

„         toad's  back,  174 

„  wreathed,  175 

Hanging  steps,  154 
Harwich  cement,  199 
Haunch  ing,  74 
Head  of  sash  frame,  123 


Heads,  of  door  frame,  93  ;  of  sash 

frame,  105 
Heating,  229  ;  direct,  237  ;  indirect, 
237  ;    by  hot  water,   230  ;  by 
steam,  235  ;  by  hot  air,  237 
High  pressure  system,  235 

„         „      joint,  233 
Hinges,  113,  123;. hook,  113;  par- 
liamentary, 142 
Hollow  bricks  or  tubes  system,  187 
Homan  and  Rodger's  patent  fireproof 

floors,  188 
Hoop  iron  tongues,  72 
Horizontal  plaster  screeds,  204 
Hornblower's  system  of  fireproof  floors, 
189 

Horns  of  door  frames,  94 
„     of  sashes,  98 

Hot  air  furnace,  238 
„    water  heating,  232,  257  ;  low 
pressure  system,  230  ;  closed 
tank,    230  ;    high  pressure 
system,  230 

House  service  mains  and  branches,  40 

Housed  strings,  162 

Housings,  162 

Hydraulic  limes,  199,  344 

I 

Illumination  of  rooms,  265  ;  of  large 

rooms  and  halls,  269 
Incandescent  lamps,  270,  271,  272, 

273 

Incompressible  soils,  1,  3 
Indicator,  water  level,  326 
Inside  bead,  123 

„     lining  of  sash-frame,  123 

„     shutters,  135 

„     work,  painting,  217 
Inspection  chamber,  48 
Insulation,  322  378 
Intercepter,  rain  water,  49 
Internal  work  in  cement,  209 
Interties,  195 
Intrinsic  brilliancy,  262 
Inverted  arches,  16 
Iron,  350 

„    balusters,  175 

„     cast,  181,  352 

„     girders,  365  ;  cast,  366  ;  of  I 
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section,  197  ;  of  £[  section, 
197  ;  rolled  wrought,  193 
Iron,  pig,  351 
„     piles,  11 
„     sashes,  glazing,  224 
„     work,  painting,  221 
„     wrought,  353 


Jamb  and  soffit  linings,  129 
„     linings,  129,  130,  132,  133 
„         „      to  external  doorways, 
130 

„         „      with  framed  grounds, 
131 

„         „      with  finished  grounds, 
132 

Jamb -head,  129 
Jambs,  129 
Joggled  joints,  153 
Joiners'  work,  fixing,  68 
Joinery,  68 

Jointing,  electric  cable,  297-299,  306 
Joints,  71  ;  angle,  118  ;  between  lead 
and  iron,  55  ;  between  stoneware 
and  lead,  55  ;  butt,  71  ;  common 
dovetail, 73;  dovetail,  73;  feather- 
tongued,  170;  glued,  122;  glued 
and  blocked,  122;  hammer-headed 
key,  121 ;  in  stone  steps,  153,  154 ; 
joggled,  153;  key,  120;  keyed 
mitre,  119  ;  metallo-keramic,  55  ; 
mitre,  118;  mitred  dovetail,  120; 
plugged,  153 ;  secret  dovetail, 
120 

Joists,  161  ;  ceiling,  201,  206  ;  of 
landings,  161,  168  ;  soffit, 
161  ;  trimming,  161,  172 
„      rolled  iron,  366 

Junction  box,  293-297 

K 

Keene's  cement,  199 

Key  joint,  hammer-headed,  121 

Keyed  mitre  joint,  119 

Keys,  120,  128 ;  double  dovetail,  121 ; 

dovetail,  121 
Killing  knots  in  painting,  216 
Kilns,  340 

Kilt  of  stone  steps,  153 


Knee  of  handrail,  175 
Knotting,  217 


Laid  in  moulding,  115 
Lamps,  270-277  ;  Argand-gas,  275  ; 
electric  arc,  273  ;  incandescent, 
271  ;  iuA'erted  incandescent,  275  ; 
gas,  275  ;  linolite,  273;  mercury 
vapour,  271  ;  Nernst,  272  ;  re- 
generative gas,  275 
Lampholders,  383 
Landing,  149 

„       half-space,  149 
„       quarter-space,  149 
Lap  dovetail  joint,  120 
Large  coved  cornices,  207 
Latches,  112 
Lath  and  lay,  202 

and  plaster  one  coat,  202 
lay  and  set,  203 
lay,  float,  and  set,  203 
plaster  and  set,  203 
plaster,  float,  and  set,  203 
Lathing,  201 

„       ceilings,  201 
„       counter,  202 
Laths,  123,  161,  200 
„     double,  200 
„     and  half  lath,  200 
„     single,  200 
Lavatory,  60  ;  basin,  61  ;  tip-up,  61 

waste,  61 
Laying  out  dog-legged  stairs,  177 
„        geometrical  stairs,  179 
„        straight  stairs,  177 
„        the  plan  of  stairs,  177 
„        winders,  178 
Lead,  357 
„     cast,  357 

„     flashings  for  skylights,  143 
„     milled,  357 

„     paint,  proportions  of  ingredi 

ents,  215 
„     pipes,  357 
„     sheet,  357 
„     weights,  357 
„     work,  glazing,  227 
Leader,  13 
Ledged  doors,  80 

„      and  braced  doors,  8 1 
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Ledgers,  23 
Ledges,  80 
Length  of  steps,  149 
Lewis,  28 
Light,  unit  of,  262 
Light  required  for  rooms  and  corridors, 
268 

»         „      calculations  of,  266 
Lighting,  electric  and  gas,  262 

„        undesirable  conditions  in, 
263 

„        of  shops  and  showrooms, 
269 

„        of  workrooms  and  work- 
shops, 269 

Limes,   199,  343;    fat,   199,  344; 
hydraulic,  199,  344 
„       poor,  344  ;  quicklime,  343  ; 

setting,  344;  slaking,  344 

Limestones,  343  ;  Bath,  343  ;  Caen, 
343;  Kentish  rag,  343;  marble, 
343;  Portland,  343;  yellow 
Mansfield,  343 

Lindsay's  system  of  fireproof  floors, 
186,  191 

Line  of  nosing,  149 

Linings,  129;  apron,  161;  back,  129; 
breast,  129  ;  elbow,  129,  133  ;  for 
skylights,  142  ;  jamb,  129,  130, 
132,  133;  outside  and  inside, 
133;  single  and  double  rebated, 
133;  soffit,  129,  132;  top,  123; 
wall,  129;  window,  129,  133 

Linolite,  273 

Lintels,  97  ;  stone,  106  ;  wood,  109 
Lip  trap,  32 

Load,  359,  369-372  ;  breaking,  360  ; 
concentrated,  370  ;  dead,  360 ; 
live,  360  ;  mixed,  360  ;  rule  for, 
370  ;  working  or  safe,  360 

Lock,  112  ;  rail,  83 

Loss  of  heat  by  transmission,  252  ; 
through  brick  walls,  253;  through 
stone  walls,  263 ;  through  windows, 
253  ;  through  wood,  252 

Low  pressure  system,  230 

Lower  panel,  83 

M 

Market  forms  of  wrought  iron,  353 
Martin's  cement,  199 


Match  boarding,  73 

Materials  used  in  painting,  215 

Medina  cement,  199 

Meeting  rails,  123,  134 

Mercury  vapour  lamp,  271 

Meters,  electric,  318 

Methods  of  arranging  folding  shutters, 

137,  138;  making  steel,  355 
Middle  rail,  83 

!  Mitre  clamping,  122  ;  key  joint,  119; 
joints,  118 

Mitred  and  cut  strings,  161 
„     or  secret  dovetail,  120 
„     or  splayed  grounds,  124 

Mixtures,  200;  bastard  stucco,  200; 
coarse  stuff,  200  ;  common  stucco, 
200  ;  double  size,  200  ;  fine  stuff, 
200  ;  for  outside  plastering,  212  ; 
gauged  stuff,  200;  plasterers'  putty, 
200 ;  size,  200 ;  stucco,  200  ; 
trowelled  stucco,  200 

Monkey,  12 

Mopstick  handrail,  174 

Moreland's  system  of  fireproof  floors, 
192 

Mortar,  345  ;  concrete,  346  ;  grout, 
346 

Moulded  and  flat  panel,  77 

Mouldings,  115;  bolection,  118;  ca- 
vetto,  116;  cyma  recta,  116; 
cyma  reversa,  116  ;  double  ovolo, 
116;  double  torus,  115;  for  stairs, 
164;  laid -in,  115;  ogee,  116; 
ovolo,  115;  planted,  115;  plaster, 
205  ;  quirk  ogee,  116;  quirk 
ogee  and  quirked  bead,  116;  quirk 
ovolo  and  bead,  116  ;  quirk  ovolo 
and  fillet,  116;  reverse  ogee,  116; 
scotia,  116;  stuck,  115;  torus, 
115 

Mounter,  83 

Muffling,  205 

Mulgrave's  cement,  199 

Munting,  83 

Muntins,  83 

N 

Needles,  22 

Nernst  lamp,  270,  271,  272 
Newel  stairs,   167 ;   circular  stairs, 
152,  158 
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Mewels,  149,  167  ;  open,  149,  169 
iNewland's  rule  for  height  of  handrail, 
174 

iiSricholson's  rule  for  size  of  handrail, 

174 
Mippers,  29 
iNitrogen,  240 
INorfolk  latch,  112 
;^N'ortllc^oft's  system  of  fireproof  floors, 

185 

Mosing  in  stone  steps,  153 

„      line  of,  149 

„      of  stairs,  149 
INosings,  69 

0 

Oak  sill,  123,  133,  134 
Ogee  mouldings,  116 
One-coat  plastering,  202 
Open  fireplace,  229 
Open  newel  stairs,  149,  169 

„     strings,  163 
Oriel  window,  96 
Ornaments  in  plaster,  205 
Outer  strings,  161,  163,  172 
Outside  and  inside  linings,  129 

„      lining  of  sash  frame,  123 

„      shutters,  135,  142 

„      work  painting,  217 
Overgraining,  219 
Ovolo  mouldings,  115 
Oxygen,  240 

P 

ffainting,  215 

„        canvas  and  paper,  220 

„        cast-iron,  221 

„        inside  work,  217 

„        iron  work,  221 

„        materials  used  in,  215 

„        old  work,  220 

„        outside  work,  217 

„        plaster,  219 

„  '     wood-work,  216 

„        wrought  iron,  221 
FPan  closet,  30 

IPanelling,  76  ;  different  kinds  of,  77  ; 

names  for,  77 
FPaperhanging,  215,  222 
FPapier  mache,  206 
PParian  cement,  199 


Parliament  hinges,  142 
Parting  bead,  123  ;  slip,  123 
Pendulum  slip,  107 
Pickling  iron,  221 
Piend  check,  154 

Pierson's  system  of  fireproof  floors,  192 
Pig-iron,  351;  Bessemer,  351  ;  carbon 
in,  351  ;  forge,  351 ;  foundry,  351 
Pile  engines,  1 2  ;  ringing,  1 2  ;  crab, 
14 

„    foundations,  7  ;  failure  of,  9 
Piles,   7  ;    timber,   7  ;    bearing,  7  ; 

sheeting,  8  ;   short,  8  ;  iron,  9  ; 

screw,  9  ;  drawing,  16 
Pins  of  dovetails,  120 
Pipes  and  fittings  for  heating  purposes, 

232  ;  joints  in,  232 
Pitching  pieces,  161,  172 
Plain  joints,  71 

Planning  stairs,  general  remarks  on, 
175 

Planted  bead,  69 

„      moulding,  115 
Plaster,  123,  161,  182,  242 
„      cornices,  205 
„      mouldings,  205,  208 
„      of  Paris,  199,  346 
„      ornaments,  205 
„      painting,  219 
„      selenitic,  210 
Plasterers'  mixtures,  200 
„       putty,  200 
„       work,  199 
Plastering,  199,  202 
„        key  in,  203 
„        one-coat  work,  202 
„        on  lath  work,  211 
„        on  walls,  212 
„        outside,  212 
„        three-coat  work,  203 
„        two-coat  work,  203 
Plat,  149 

Plate  girders,  193,  366 
Plinth,  128 

Ploughed  and  tongued  joint,  72 
Plugged  joints,  153 
Plugs,  wood,  80  ;  wall,  94 
Pocket  piece,  123 
Poling  boards,  1 8 
Poor  lime,  344 

Portland  cement,  199,  209,  345 
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Potential,  277,  284,  285  ;  fall  of,  286 
Preparation  of  wood-work  for  painting, 
216 

Pricking  up,  203 
Priming,  217 
Proper  ledged  door,  80 
Proportions  of  concrete,  346 

„  ingredients     of  lead 

paint,  215 

Pugging,  213 

Pulley,  123,  134;  style,  123 
Pumice  concrete,  186,  191 
Puncli,  15 
Punning,  2 
Putlogs,  23 
Putty,  223,  224 

„     lime,  211 

„     plasterers',  200 

Q 

Quarter-space  landing,  149,  156 
Quicklime,  343 
Quicksand,  4 

Quirk  ogee  moulding,  116 

„       „   and  quirked  bead  mould- 
ing, 116 

„  ovolo  and  bead  moulding,  116 
„        ,,    and  fillet  moulding,  116 

E 

Radiating  surface,  254,  259 
Radiators,  259  ;  single  column,  259  ; 

two  column,  259  ;  three  column, 

259  ;  four  column,  259 
Rails,  83;  names  of,  83 
Rainwater  intercepter,   49  ;  guUey, 

66 

Raised  panel,  79 
Ramp  of  handrail,  175 
Rebate  in  square  stej)s,  154 
Reed-flush,  78 
Reflection,  difi^use,  264 
Reflectors,  264 
Regenerative  gas  lamps,  275 
Relieving  arch,  123  ;  rough,  134 
Rendering,  199,  204 

„        in  cement,  208 

,,        rough,  205 
Repainting  old  work,  220 
Repapering,  223 
Resistance,  laws  of,  278 


Respiration,  243 

Return  bead,  69 

Reverse  ogee  moulding,  116 

Rim  lock,  112 

Rise  of  stairs,  149 

Risers,  149,  161  ;  rule  for,  150  ;  table 

for,  150 
Robinson's  cement,  199 
Rock  foundations,  3 
Rolled  mild  steel  girders,  183 
Roman  cement,  199,  344 
Roofs,  collar  beam,  368 

„     couple,  367 

„     queen  post,  368 

„     timber,  367 
Rough  brackets,  161,  165,  167,  172 

„     cast,  200,  213 

„     relieving  arch,  134 

„     rendering,  205 

„     strings,  161,  163,  172 

„     stucco,  210 
Rounded  edge,  69 
Round-ended  step,  173 
Rules  for  thickness  of  tread,  164 

„      tread  and  rise  of  stairs,  150 
„      wiring,  376 
Runners,  20,  27 

S 

Saddle  bars,  227 
Sand,  4,  200 
„    piles,  5 
Sanding  painted  work,  220 
Sandstones,  342  ;    Craigleith,   343 ; 

Mansfield,  343  ;  Yorkshire,  343 
Sash  bar,  99 
„  bottom  rail,  101 
„  fasteners,  113;  weights,  107 
„  frame  back  lining,  105 
„       „     head  of,  105 
,,       „     inside  lining,  105 
„       „     outside  lining,  105 
„   line,  107 
,,  top  rail,  100 
Sashes,  double  hung,  98  ;  fixed,  98  ; 

methods  of  arranging,  98  ; 
on    centres,    98 ;  single, 
101  ;  sliding,  102 
„      for  skylights,  144 
,,      sliding  in  skylights,  147 
Scaffolding,  18,  23 
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Scaffolds,  bricklayer's,  23  ;  masons', 
24  ;  special,  25  ;  gables,  25 

Scagliola,  214 

Scantlings  for  sashes,  100 

Scotia  moulding,  116 

Screed,  124 

„     in  cement,  208 

„     in  plaster,  203,  204 

Screw  bolts,  121 
„    piles,  11 

Scribing,  76 

Second-coat  painting,  217 
Secret  dovetails,  73 
Selenitic  clay  finish,  212 
„      plaster,  210 
„  „     prepared  in  a  mortar- 

mill,  211 
„  „     prepared  in  a  plas- 

terer's tub,  211 
Series-wound  dynamo,  280 
Set  with  fine  stuft;  204 

„      putty  and  plaster,  204 
Setting  coat  and  trowelled  stucco,  212 
„     lime,  344 
„     plaster,  203,  204 
Settlements,  inequality  of,  2 
Sewer  gas,  30 
Sewer,  main,  40 
Shades,  265 
Sheeting,  8,  20 
Sheet  lead  for  roofs,  357 

„    piling,  8 
Shoes,  93 
Shooting,  70 

Shores,  inclined,  21  ;  horizontal,  22 
Shoring,  18,  21 
Shunt-wound  dynamo,  281 
Shutters,  135 

„       and  one  flap,  136 

„       and  two  flaps,  137 

,,       back  flaps,  135 

„       back  folds,  135 

„       boxings,  135,  137 

„       closers,  135 

„       folding,  135 

„       inside,  135 

„       methods  of  folding,  1 37,  1 38 
„       outside,  135, 142 ;  sham,  134 
„       sUding,  135,  140,  142 
„       with  cover  flaps,  139 
Silicate  cotton,  182 


Sill,  oak,  123,  134 

„    stone,  123,  133 
Silt,  4 

Single  laths,  200 

„     rebated  linings,  133 
Sinks,  64 ;   scullery,  36,  64  ;  waste 

from,  36,  65 
Size,  200 

Skirting,  119,  123,  127,  134 

„       board,  127 

„       double,  127 
Skylights,  142 

„        for  queen-post  roof,  144 

„        glazing,  224 

„        lead  flashings  for,  143 

„        sashes,  145 

„        sliding  sashes,  146 
Slabs  of  pumice  concrete,  192 
Slag  wool,  182 
Slaking  lime,  344 
Slates,  342 

Sliding  doors,  93  ;  sashes,  102 
„     sashes  in  skylights,  146 
„     shutters,  135,  140,  142 
Slip  feather,  118 
Sockets  of  dovetails,  120 
Sofiit,  134 

„    joists,  161 

„     lining,  129,  132 
Soil  pipe,  57 
Soils,  1-6,  19 
Sole  rail,  83 

Solid  frames  with  jamb  linings  for 
doorways,  123,  130 
„      system  of  cable  laying,  287 
„      window  frames,  103;  panels,  77 
Spandril  framing,  167 
„      of  stairs,  165 
,,      steps,  153 
Splayed  grounds,  124 
Square  and  flat  panels,  77 

„     steps,  153 
Staff  bead,  119 
Staircase,  148 

Stairs,  148;  balusters,  149 ;  bracketed, 
173  ;  breast,  149  ;  circular,  152, 
158  ;  circular  geometrical,  152, 
160;  circular  newel,  152,  158; 
curtail  step,  149,  172,  173; 
dimensions  of,  149  ;  dog-legged, 
I       151,  155,  167  ;  fliers,  149  ;  flight, 
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149  ;  forms  of,  151  ;  general  re- 
marks on  planning,  1 75  ;  geometri- 
cal, 152,  157,  170;  going  of  a 
flight,  149  ;  going  of  a  stair,  149  ; 
half  space,  149;  handrail,  149; 
landing,  149  ;  laying  out  dog- 
legged,  17  7  ;  laying  outgeometrical, 
179;  laying  out  straight,  177; 
laying  out  the  plan,  177  ;  length 
of  step,  149  ;  line  of  nosing,  149  ; 
newel,  167  ;  newels,  149  ;  nosing, 
149 ;  opennewel,  149, 169 ;  quarter 
space,  149  ;  rise,  149  ;  riser,  149  ; 
spandril  of,  167  ;  stone,  152  ; 
straight,  151,  154,  165;  tread, 
149;  tread  and  rise,.  150;  table, 
for  tread  and  rise,  150  ;  wheeling 
steps,  149;  winder,  149,  178; 
wooden,  161  ;  wooden,  forms  of, 
165  ;  wooden  parts  of,  161 

Standard  candle,  262 

Standards,  23 

Stay  bars,  227 

Steam  heating,  235  ;  high  pressure, 
235  ;  low  pressure,  236 

Steam  pile-drivers,  15 

Steel,  355  ;  basic  process,  355  ; 
Bessemer,  355 ;  blister,  355 ;  break- 
ing and  working  stresses,  356  ; 
case-hardening,  356;  crucible  cast, 
355  ;  elasticity,  355  ;  hardening, 
355  ;  magnetism,  355  ;  metallic 
ring,  355  ;  mild,  soft,  hard,  355  ; 
puddled,  356  ;  shear,  356  ; 
Siemen's-Martin,  355 ;  tempering, 
355  ;  tests,  356 

Steps,  balanced,  179  ;  curtail,  172, 
173;  dancing,  179;  dimensions 
of,  150;  feather  -  edged,  153; 
fixing  stone,  153;  hanging,  154; 
jointed,  joggled,  and  plugged,  153  ; 
length  of,  149  ;  parts  of,  161  ; 
round-ended,  173;  spandril,  153; 
square,  153;  stone,  152;  supported 
at  both  ends,  153  ;  wheeling,  149  ; 
wooden,  terms  of,  161 

Stiffeners  for  girders,  366 

Stock  locks,  1 1 3 

Stone,  182,  342  :  arrangement  of 
stairs,  154  ;  lintel,  123  ;  sill,  123, 
133  ;  stairs,  152  ;  steps,  152 


Stop  chamfer,  70 

Stopping  painted  surfaces,  217 

Storage  battery,  281 

Story  rod,  180 

Straightening,  203 

Straight  stairs,  151,  154,  165 

,,         „     laying  out  the  plan  of, 
177 

Strap  hinges,  113 

Strapped  walls,  201 

Stresses  in  structures,  358  ;  bearing, 
359;  breaking,  356,  361;  com- 
pressive, 358  ;  shearing,  359  ; 
tensile,  358  ;  transverse,  358  ; 
working,  356,  361 

Stringers,  161 

Strings,  161;  close,  163;  cut,  161; 
cut  and  mitred,  161  ;  open,  163  ; 
outer,  161,  163,  172  ;  rough,  161, 
163;  waU,  161,  163;  wreathed, 
163 

Struts,   364  ;    cast-iron,   364  ;  con- 
nection at  heads  and  feet,  365  ; 
long,  364 ;   short,  364 ;  timber, 
364  ;  wrought  iron,  364 
Strutting,  18 
Stucco,  200,  209 

„      bastard,  200,  210 
„      common,  200,  209 
„      rough,  210 
„      trowelled,  200,  210 
Stuck  moulding,  115 
Styles,  123 

Supply  of  electric  current,  279 
Surbase,  123,  127 

Surfaces,  213;  colouring,  213;  dis- 
temper, 213  ;  whitening,  213  ; 
whitewash,  213 

Swan-neck  handrail,  175 

Sweeping  arm,  43 

Switch,  316  ;  boards,  282 

T 

Table  for  breaking  and  working  stresses 
for  materials  for  a  dead  load, 
356 

„    for  tread  and  rise  of  stairs, 
150 

„     of  lead  paint  ingredients,  215 
,,    of  weight  and  cost  of  fireproof 
flooring,  194 
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Telcephones,    329  ;    direct  working, 

329  ;  reply  and  call,  332 
Terminals,  316 
Terms  in  joinery,  123 
Thiird-coat  painting,  217 
Thirawn,  71 

Three- coat  plastering,  203 
Tliiree-wire  system,  284 
Thn-oating,  123 

Thuasne's  system  of  fireproof  floors, 
195 

Tlmmb  latch,  112 
,,,      screw,  113 
Tie.,  365 
TiLe  floors,  187 

Timber,  181,  346,  367  ;  annual  rings, 

347  ;  balks,  348  ;  battens,  348  ; 
charring,  350  ;  creosoting,  350  ; 
cross -section,  346  ;  deals,  348  ; 
decay,  350  ;  dry  and  wet  rot,  348  ; 
felling,  350;  hard  wood,  348; 
heartwood  and  sapwood,  347  ;  logs, 

348  ;  medullary  rays  and  silver 
grain,  347;  painting,  350;  planks, 
348;  preservation,  348;  seasoning, 
350  ;  soft  wood,  348 

Timber  for  shoring,  18,  21 
Tin,  357 

Toad's  back  handrail,  174 
Tongued  joints,  7 1 
Top  lining,  123 

„  rail  of  sash,  123 
Torus  moulding,  115 
Transom,  89 

Traps,  31;  "  D,"  31;  bell,  32;  de- 
fective, 33  ;  dip-stone,  36  ;  lip,  32 
Travellers,  26 

Tread  and  rise  of  stairs.  150 
„  „    rule  for,  150 

„  „    table  for,  150 

„     of  stairs,  149,  161 
„     rule  for  thickness,  164 
,,     weathered,  153 
Trimmers,  165  . 

„        for  stairs,  161 
Trimming  joists  of  floors,  161 

„    for  stairs,  148,  163, 
172 

Troughs,  asphalte,  291  ;  cast-iron, 
289  ;  stoneware,  290  ;  wooden, 
290 


Trowelled  stucco,  200,  210 
Tubular  foundations,  11 
Two-coat  plastering,  203 
Two- wire  system,  283 

U 

Unit  of  light,  262  ;  of  illumiliation, 
262 

Upward  ventilation,  245 
Urinals,  58  ;  basin,  59  ;  stall,  60 

V 

Varnishing,  218 

Ventilation^  228  ;  mechanical,  239  ; 

natural,    238 ;     upward,    245  ; 

downward,  248 
Vertical  plaster  screeds,  204 

W 

Wallings,  19 

Wall  linings,  121,  129 

„    strings,  161,  163 
Walls,  battened,  201 

„     strapped,  201 
Water,  200 
Water  bar,  123 
AVeb  of  girders,  365 
Wedges,  123 

„       for  stairs,  163 
Weight  to  balance  bottom  sash,  123 

„  „      top  sash,  123 

Well  hole,  180 
Welsbach  burners,  270 
Wheeling  steps,  149 
Whichcord's  fireproof  blocks,  184 
Whitby  cement,  199 
Whitening,  213 
Whitewash,  213 
Whiting,  200 

Wilkinson's  system  of  fireproof  floors, 

186,  197 
Winders,  149,  152,  156 

„       laying  out,  178 
Window  backs,  121,  129,  134 

„       boards,  123 

„       linings,  129,  133 
Windows,  96;  frames,  103;  cased, 

103;  solid,  103;  sashes  for,  98; 

sizes  for,  100 
Wiring,  326  ;  methods  of,  307  ;  cost 

of,  319 
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Wood,  182 

bricks,  123,  134 
casing,  309 
hard,  349 
lintel,  123 
plugs,  123 
soft,  348 
Wooden  balusters,  175 

„      sashes,  glazing,  223 
„      stairs,  161 
„      steps,  161 
,,         „    parts  of,  161 
„         „     terms  of,  161 
Wreathed  handrailing,  175 

„        strings,  163 
Wrought  grounds,  124 
„       iron,  353 

„         „    bar,  353 ;  corrugated 


sheet,  354 ;  fractured 
surface,  354  ;  galvan- 
ised, 354;  market  forms 
of,  353;  puddling,  35  3; 
refining,  353  ;  rolling, 
353  ;  rough  and  forge 
tests,  354  ;  shingling, 
353  ;  tensile  strength 
and  elongation,  354  ; 
tests,  354 
Wrought  iron  girders,  193 
,,         „    painting,  221 
„         „    rolled  girders,  193 


Z 

Zinc,  357 
„    parting  slip,  123 
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THE   PHASE   RULE    AND    ITS    APPLICATIONS.     By  Alex. 

Findlay,  M.A.,  Ph.D.,  D.Sc,  Lecturer  and  Demonstrator  in  Chemistiy,  University  of 
Birmingham.  With  118  Figures  in  the  Text,  and  an  Introduction  to  Physicavl 
Chemistry  by  Sir  Wm.  Ramsay,  K.C.B.,  F.R.S.   Cr.  8vo., 

AN  INTRODUCTION  TO  PHYSICAL  CHEMISTRY.  Being  a 
General  Introduction  to  the  Series.  By  Sir  William  Ramsay,  K.C.B.,  F.R.IS. 
Crown  Bvo. ,  is.  net. 

ELECTRO-CHEMISTRY.    Part  I.  General  Theory.    By  R.  A.  LEH- 

FELDT,  D.Sc,  Professor  of  Physics  at  the  East  London  Technical  College.  Includimg 
a  Chapter  on  the  Relation  of  Chemical  Constitution  to  Conductivity.  By  T.  S.  Moorie, 
H.A.,  B.Sc,  Lecturer  in  the  University  of  Birmingham.    Crown  Bvo.,  5^. 

Part  II.  Applications  to  Electrolysis,  Primary  and  Secondary  Batterie;s, 

\_hi  preparatiom. 

CHEMICAL  STATICS  AND  DYNAMICS,  including  the  Theories 

of  Chemical  Change,  Catalysis,  and  Explosions.  By  J,  W.  Mellor,  D.Sc.  (N.Z..), 
B.Sc.  (Vict.).    Crown  Bvo.,  yj.  6d. 

The  following  Volumes  are  also  in  preparation : — ■ 
STOICHIOMETRY.  By  Sydney  Young, 

D.Sc,  F.R.S. 
RELATIONS    BETWEEN  CHEMICAL 


CONSTITUTION  AND  PHYSICAL 
PROPERTIES.  By  Samuel  Smiles, 
D.Sc 


SPECTROSCOPY.      By    E.  C.  C.  Balw, 
F.I.C. 


THERMODYNAMICS.    By  F.  G.  DoNNArN, 
M.A.,  Ph.D. 
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CHE.Va\STHY-~  Continued. 

SEMITE  AND  JIAZL.— THE  TEACHING  OF  CHEMISTRY  AND 
PHYSICS  IN  THE  SECONDARY  SCHOOL.  By  Alexander  Smith,  B.Sc, 
Ph.D.,  Associate  Professor  of  Chemistry  in  the  University  of  Chicago,  and  Edwin 
H.  Hall,  Ph.D.,  Professor  of  Physics  in  Harvard  University.  With  21  Woodcuts, 
Bibliographies,  and  Index.    Crown  8vo.,  6s,  net. 

TTHORNTON  and  PEARSON.— NOTE'S,  ON  VOLUMETRIC  AN- 
ALYSIS. By  Arthur  Thornton,  M.A.,  and  Marchant  Pearson,  B.A.,  Assistant 
Science  Master,  Bradford  Grammar  School.    IVIedium  8vo. ,  is. 

IT ffORFE.— Works  by  T.  E.  THORPE,  C.B.,  D.Sc.  (Vict),  Ph.D., 
F.R.S.,  Principal  of  the  Government  Laboratory,  London,  Assisted 
by  Eminent  Contributors. 

A   DICTIONARY  OF  APPLIED   CHEMISTRY.     3  vols.  8vo. 

Vols.  I.  and  II.,  425.  each.    Vol.  III.,  by. 

QUANTITATIVE   CHEMICAL  ANALYSIS.    With  88  Woodcuts 

Fcp.  8vo.,  4J.  6d. 

TTHORPE  AND  J/Z7/i?.— QUALITATIVE  CHEMICAL  ANALYSIS 
AND  LABORATORY  PRACTICE.  By  T.  E.  Thorpe,  C.B.,  Ph.D.,  D.Sc,  F.R.S., 
and  M.  M.  Pattison  Muir,  M.A.  With  Plate  of  Spectra  and  57  Illustrations.  Fcp. 
8vo. ,  35.  dd. 

ITILJD EN.— Works  by  WILLIAM  A.  TILDEN,  D.Sc.  London,  F.R.S., 
Professor  of  Chemistry  in  the  Royal  College  of  Science,  South 
Kensington. 

A  SHORT  HISTORY  OF  THE  PROGRESS  OF  SCIENTIFIC 

CHEMISTRY  IN  OUR  OWN  TIMES.    Crown  Bvo.,  55.  net. 

INTRODUCTION  TO  THE  STUDY  OF  CHEMICAL  PHILO- 

SOPHY.  The  Principles  of  Theoretical  and  Systematic  Chemistry.  With  5  Illus- 
trations.   Fcp.  8vo.,  SJ.   With  ANSWERS  to  Problems.    Fcp.  Bvo.,  55.  6d. 

PRACTICAL  CHEMISTRY.    The  Principles  of  Qualitative  Analysis. 
Fcp.  8vo.,  IS.  6d. 

IWATTS  DICTIONARY  OF  CHEMISTRY.     Revised  and  entirely 

Rewritten  by  H.  Forster  Morley,  M.A.,  D.Sc,  Fellow  of,  and  lately  Assistant  Pro- 
fessor of  Chemistry  in,  University  College,  London;  and  M.  M.  Pattison  Muir, 
M.A.,  F.R.S.E.,  Fellow,  and  Praelector  in  Chemistry,  of  Gonville  and  Caius  College, 
Cambridge.    Assisted  by  Eminent  Contributors.    4  vols.    8vo.,  ^5  net. 

VWHITE LEY.— Works  by  R.  LLOYD  WHITELEY,  F.I.C.,  Principal 
of  the  Municipal  Science  School,  West  Bromwich. 

CHEMICAL  CALCULATIONS.    With  Explanatory  Notes,  Problems 

and  Answers,  specially  adapted  for  use  in  Colleges  and  Science  Schools.  With  a 
Preface  by  Professor  F.  Clowes,  D.Sc.  (Lond.),  F.I.C.    Crown  8vo.,  is. 

ORGANIC  CHEMISTRY:  the  Fatty  Compounds.     With  45  Illus- 
trations.   Crown  8vo. ,  35.  bd. 
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PHYSICS,  ETC. 

^/Z>6;C)6>Z>.— ELEMENTARY  PHYSICS  AND  CHEMISTRY  FOIR 
THE  USE  OF  SCHOOLS.  (In  Three  Books.)  By  John  Bidgood.  B.Sc,  Heaid- 
master  of  the  Gateshead  Secondary  Day  School. 

Book  I.    Elementary  Physics.    With  120  Illustrations.     Crown  8vo)., 

i^.  6d. 

Book  II.     Physics  and  Chemistry.     With  122  Illustrations.  Crow/n 

8vo.,  IS.  6d. 

Book  III.    Chemistry.    With  108  Illustrations.    Crown  Bvo.,  2s. 
BLONDLOT. — '  N  '  RAYS.     A  Collection  of  Papers  communicated  tto 

the  Academy  of  Sciences.  With  additional  Notes  and  Instructions  for  the  Constructicon 
of  Phosphorescent  Screens.  By  R.  Blondlot,  Professor  in  the  University  of  Nanccy. 
Translated  by  J.  Garcin.    With  Diagrams.    Crown  8vo.,  35.  6d.  net. 

^6>^^.— RESPONSE  IN  THE  LIVING  AND  NON-LIVING.  EBy 

JAGADIS  Chunder  Bose,  M.A.  (Cantab.),  D.Sc.  (Lond.),  Professor,  Presidenacy 
College,  Calcutta.    With  117  Illustrations.     8vo.,  los.  6d. 

GAJVOT.— Works  by  PROFESSOR  GANOT.  Translated  and  Editeed 
by  E.  Atkinson,  Ph.D.,  F.C.S.,  and  A.  W.  Reinold,  M.A.,  F.R.LS. 

ELEMENTARY   TREATISE   ON   PHYSICS,    Experimental  annd 

Applied.  With  9  Coloured  Plates  and  Maps,  and  1048  Woodcuts,  and  Appendix  of 
Problems  and  Examples  with  Answers.    Crown  Bvo. ,  15^. 

NATURAL  PHILOSOPHY  FOR  GENERAL  READERS  ANTD 
YOUNG  PEOPLE.  With  7  Plates,  632  Woodcuts,  and  an  Appendix  of  Questionns. 
Crown  8vo.,  ys.  6d. 

GLAZEBROOK  and  ^"^^  JF.— PRACTICAL  PHYSICS.  By  R.  ^T. 
Glazebrook,  M.A.,  F.R.S.,  and  W.  N.  Shaw,  M.A.  With  134  Illustrations.  Fc'cp. 
Bvo. ,  7-f .  dd, 

G^Z/rJZff/^.  — MOLECULAR  PHYSICS  AND  SOUND.  By  F. 
Guthrie,  Ph.D.    With  91  Diagrams.    Fcp.  Bvo.,  li.  (>d. 

HELMHOLTZ.—VOV\J'LK^  LECTURES  ON  SCIENTIFIC  SUJB- 
JECTS.  By  Hermann  von  Helmholtz.  Translated  by  E.  Atkinson,  Ph.I.D., 
F.C.S.,  formerly  Professor  of  Experimental  Science,  Staff  College.  With  68  Illuststra- 
tions.    2  vols. ,  crown  Bvo. ,  35.  6d.  each. 

ffENBERSON.—EUEME^i: AKY  PHYSICS.   By  John  Hendersoon, 

D.Sc.  (Edin.),  A.I.E.E.,  Physics  Department,  Borough  Road  Polytechnic.  Crown 
Bvo.,  2J.  6d. 
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^/T/^CZ^^tV:— EXERCISES   IN   NATURAL   PHILOSOPHY.  By 

Magnus  Maclean,  D.Sc,  Professor  of  Electrical  Engineering  at  the  Glasgow  and 
West  of  Scotland  Technical  College.     Crown  8vo.,  4J.  6d. 


mEYER.—TH'S.   KINETIC   THEORY   OF   GASES.  Elementary 

Treatise,  with  Mathematical  Appendices.    By  Dr.  OsKAR  Emil  Meyek.   8vo.  ,  15^.  net. 


ll^AN  'TffOFF.—TVLK  ARRANGEMENT  OF  ATOMS  IN  SPACE. 
By  J.  H.  VAN  'tHoff.  With  a  Preface  by  Johannes  Wislicenus,  Professor  of 
of  Chemistry  at  the  University  of  Leipzig ;  and  an  Appendix,  '  Stereo-chemistry  among 
Inorganic  Substances,'  by  Alfred  Werner,  Professor  of  Chemistry  at  the  University 
of  Ziirich.    Crown  8vo. ,  6s.  6d. 


IIVATSOM— Works  by  W.  WATSON,  F.R.S.,  D.Sc,  Assistant  Professor 
of  Physics  at  the  Royal  College  of  Science,  London. 

ELEMENTARY  PRACTICAL  PHYSICS:   a  Laboratory  Manual 

for  Use  in  Organised  Science  Schools.  With  120  Illustrations  and  193  Exercises. 
Crown  Bvo. ,  25.  6d. 

A  TEXT-BOOK  OF  PHYSICS.     With  568  Diagrams  and  Illustra- 

tions,  and  a  Collection  of  Examples  and  Questions  with  Answers.  Large  crown 
Bvo.,  los.  6d, 


nVATTS.  —  AN     INTRODUCTION     TO     THE     STUDY  OF 

SPECTRUM  ANALYSIS.      By  W.   Marshall  Watts,  D.Sc.  (Lond.),  B.Sc. 

(Vict.),  F.I.C.,  Senior  Physical  Science  Master  in  the  Giggleswick  School.'  Witli 
135  Illustrations  and  Coloured  Plate.     Bvo.,  10s.  6d.  net. 


VWORTHINGTON.—K  FIRST 

TORY  PRACTICE.  Containing 
C.B.,  F.R.S.    With  Illustrations. 


COURSE  OF  PHYSICAL  LAEORA- 
264  Experiments.  By  A.  M.  Worthington, 
Crown  8vo. ,  /\s.  6d. 


ELEMENTARY  PHYSICS.    By  Mark  R.  Wright,  M.A., 

Professor  of  Normal  Education,  Durham  College  of  Science,  With  242  Illustrations! 
Crown  8vo. ,  2^.  6d. 
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MECHANICS,  DYNAMICS,  STATICS,  HYDROSTATICS,  ETC. 

BALL.—K  CLASS-BOOK  OF  MECHANICS.     By  Sir  R.  S.  Ball, 

I.L.D.    89  Diagrams.    Fcp.  8vo.,  i^.  6d, 

nUNKERLEY.—WECUh.m^U.      By   S.    DUNKERLEY,  M.Sc, 

Assoc.M.Inst.C.E.,  M.Inst. C.E.,  Professor  of  Applied  Mechanics  in  the  Royal  Naval 
College,  Greenwich.    With  416  Diagrams.    Bvo. ,  9.?.  net. 

GOODEVE.— Works  by  T.  M.  GOODEVE,  M.A.,  formerly  Professor 
of  Mechanics  at  the  Normal  School  of  Science,  and  the  Royal  School 
of  Mines. 

THE   ELEMENTS   OF   MECHANISM.     With  357  Illustrations. 

Crown  Bvo. ,  6s. 

PRINCIPLES    OF   MECHANICS.      With    253    Illustrations  and 

numerous  Examples.     Crown  Bvo.,  6s. 

A   MANUAL  OF   MECHANICS:   an  Elementary  Text-Book  for 

Students  of  Applied  Mechanics.  With  138  Illustrations  and  Diagrams,  and  188 
Examples  taken  from  the  Science  Department  Examination  Papers,  with  Answers. 
Fcp.  Bvo.,  2 J.  6d. 

GOOBMAJV.—UECUAmCS)  APPLIED  TO  ENGINEERING.  By 
John  Goodman,  Wh.Sch.,  M.I.C.E.,  M.I.M.E.,  Professor  of  Engineering  in  the  Uni- 
versity of  Leeds.    With  714  Illustrations  and  numerous  Examples.    Crown  Bvo. ,  gs.  net. 

GEIEVE.  — 'LESSONS  IN  ELEMENTARY  MECHANICS.  By 
W.  H.  Grieve,  late  Engineer,  R.N.,  Science  Demonstrator  for  the  London  School 
Board,  etc. 

Stage  I.    With  165  Illustrations  and  a  large  number  of  Examples.     Fcp.  Bvo.,  is.  6d. 
Stage  2.  With  122  Illustrations.    Fcp.  Bvo. ,  is.  6d. 
Stage  3.  With  103  Illustrations.    Fcp.  Bvo.,  is.  6d. 

MAGNUS.— Works  by  SIR  PHILIP  MAGNUS,  B.Sc,  B.A. 

LESSONS  IN  ELEMENTARY  MECHANICS.    Introductor)  to  the 

study  of  Physical  Science.    Designed  for  the  Use  of  Schools,  and  ol  Candidates  for 
the  London  Matriculation  and  other  Examinations.     With  numerous  Exercises, 
Examples,  Examination  Questions,  and  Solutions,  etc.,  from  1B70-1895.  With 
Answers,  and  131  Woodcuts.    Fcp.  Bvo.,  35.  6d. 
Key  for  the  use  of  Teachers  only,  price  55.  3^^/. 

HYDROSTATICS  AND  PNEUMATICS.     Fcp.  Bvo.,  i^.  6d.  or, 

with  Answers,  2S.    The  Worked  Solutions  of  the  Problems,  2s. 

PULLEN. — MECHANICS  :  Theoretical,  Applied,  and  Experiment;al. 

By  W.  W.  F.  PULLEN,  Wh.Sch.,  M.I.M.E.,  A.M.I.C.E.  With  318  Diagrams  aind 
numerous  Examples.     Crown  Bvo.,  4^-.  6d. 

ROBINSON.— E'LEWmi:S  OF  DYNAMICS  (Kinetics  and  Statics). 

With  numerous  Exercises.  A  Text-book  for  Junior  Students.  By  the  Rev.  J.  L. 
Robinson,  M.A.    Crown  Bvo.,  6s. 
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ME  CHANICS,  DYNAWIICS,  STATICS,  HYDROSTATICS,  ETC.- 

W/ra— Works  by  J.  HAMBLIN  SMITH,  M.A. 
ELEMENTARY  STATICS.    Crown  8vo.,  3^. 
ELEMENTARY  HYDROSTATICS.    Crown  8vo.,  is. 
KEY  TO  STATICS  AND  HYDROSTATICS.   Crown  8vo.,  6^. 

TARLETON.—m  INTRODUCTION  TO  THE  MATHEMATI- 
CAL THEORY  OF  ATTRACTION.  By  Francis  A.  Tarleton,  LL.D.,  Sc.D., 
Fellow  of  Trinity  College,  and  Professor  of  Natural  Philosophy  in  the  University  of 
DubUn.    Crown  8vo.,  1.0s.  6d. 

TA  yZ6>i?.— Works  by  J.  E.  TAYLOR,  M.A.,  B.Sc.  (Lond.). 

/  THEORETICAL  MECHANICS,  including  Hydrostatics  and  Pneuma- 
tics. With  175  Diagrams  and  Illustrations,  and  522  Examination  Questions  and 
Answers.    Crown  8vo. ,  2j.  6d. 

THEORETICAL  MECHANICS— SOLIDS.    With  163  Illustrations, 

120  Worked  Examples  and  over  500  Examples  from  Examination  Papers,  etc. 
Crown  8vo.,  2S.  6d. 

THEORETICAL  MECHANICS.— FLUIDS.   With  122  Illustrations, 

numerous  Worked  Examples,  and  about  500  Examples  from  Examination  Papers, 
etc.    Crown  8vo.,  2^.  6d. 

THORNTON,  — TWO'RETICKI.  MECHANICS— SOLIDS.  In- 
cluding Kinematics,  Statics  and  Kinetics.  By  Arthur  Thornton,  M.A.,  F.R.A.S. 
With  200  Illustrations,  130  Worked  Examples,  and  over  900  Examples  from  Examina- 
tion Papers,  etc.    Crown  8vo.,  45.  6d. 

TWISjDEN— Works  by  the  Rev.  JOHN  F.  TWISDEN,  M.A. 

PRACTICAL  MECHANICS;  an  Elementary  Introduction  to  their 

Study.    With  855  Exercises,  and  184  Figures  and  Diagrams.    Crown  8vo.,  lOi.  6d. 

THEORETICAL  MECHANICS.     With  172  Examples,  numerous 

Exercises,  and  154  Diagrams.    Crown  8vo. ,  8s.  6d. 

IW/ZL  JAMS  ON— INTRODVCTIO^  TO  THE  MATHEMATI- 
CAL THEORY  OF  THE  STRESS  AND  STRAIN  OF  ELASTIC  SOLIDS.  By 
Benjamin  Williamson,  D.Sc,  F.R.S.    Crown  8vo.,  ss. 

XWILLIAMSON   and    TARLETON  — m  ELEMENTARY 

TREATISE  ON  DYNAMICS.  Containing  Applications  to  Thermodynamics,  with 
numerous  Examples.  By  Benjamin  Williamson,  D.Sc,  F.R.S.,  and  Francis  A. 
Tarleton,  LL.D.    Crown  8vo.,  loj.  dd. 

]]VOR  THING  TO  N—DY'tiKmC^  OF  ROTATION:  an  Elementary 
Introduction  to  Rigid  Dynamics,  By  A.  M.  Worthington,  C.B.,  F.R.S.  Crown 
8vo.,  4J.  6d, 
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MENSURATION,  SURVEYING,  ETC. 

BRABANT.— TYiY.  ELEMENTS  OF  PLANE  AND  SOLID  MENSU  - 
RATION. With  Copious  Examples  and  Answers.  By  F.  G.  Brabant,  M.Ai. 
Crown  8vo.,  y.  6d. 


C^/F^^^.— ELEMENTARY  MENSURATION.    By  G.  T.  Chiverss, 

Head  Master  of  H.M.  Dockyard  School,  Pembroke.  With  Answers  to  the  Exampless. 
Crown  8vo  ,  5^. 


6^i?Z5^Z^.— PRELIMINARY  SURVEY  AND  ESTIMATES.  Bjy 

Theodore  Graham  Gribble,  Civil  Engineer.  Including  Elementary  Astronomy/, 
Route  Surveying,  Tacheometry,  Curve  Ranging,  Graphic  Mensuration,  Estimates^, 
Hydrography  and  Instruments.  With  133  Illustrations,  Quantity  Diagiams,  andd 
a  Manual  of  the  Slide-Rule.     Fcp.  8vo.,  7s.  6d. 


Zr/Z^  K— EXPLANATORY  MENSURATION.    By  the  Rev.  Alfreed^ 

HiLEY,  M.A.  With  a  Chapter  on  Land  Surveying  by  the  Rev.  John  Hunter,  M.Ai. 
Containing  numerous  Examples,  and  embodying  many  of  the  Questions  set  in  the  Locaal 
Examination  Papers.   With  Answers.   i2mo.,  2j.  60'. 


Z^f/TYTLE.?.  —  MENSURATION   AND   LAND    SURVEYING.  B>y 
the  Rev.  John  Hunter,  M.A.    iBmo.,  is.    Key,  is. 


ZC>Z' 6^^.  — MENSURATION    FOR   SENIOR    STUDENTS.  Byy 

Alfred  Lodge,  M.A.,  late  Fereday  Fellow  of  St.  John's  College,  Oxford;  Professoor 
of  Pure  Mathematics  at  the  Royal  Indian  Engineering  College,  Cooper's  Hill.  Withh 
Answers.     Crown  Bvo.,  4^.  6d. 


LONGMANS'  SCHOOL  MENSURATION.     By  Alfred  J.  Pearce.£, 

B.A.  (Inter.),  Hons.  Matric.  (London).  With  numerous  Diagrams.  Crown  Bvo.  Withh 
or  without  Answers,  2s.  6d. 


LONGMANS'  JUNIOR  SCHOOL  MENSURATION.     To  meet  thee 

Requirements  of  the  Oxford  and  Cambridge  Junior  Local  Examinations,  the  Collegt:^o 
of  Preceptors,  etc.  By  W.  S.  Beard,  F.R.G.S.,  Head  Master  of  Fareham  Modernn 
School.   With  Answers  to  Exercises  and  Examination  Papers.    Crown  Bvo. ,  rs. 

LUP70N.—K  PRACTICAL  TREATISE  ON  MINE  SURVEYING.;. 

By  Arnold  Lupton,  Mining  Engineer,  Certificated  Colliery  Manager,  Surveyor, r. 
Member  of  the  Institution  of  Civil  Engineers,  etc.  With  216  Illustrations.  Mediumm 
Bvo.,  I2J-.  net. 

A^^^^/r.— PRACTICAL  MENSURATION.     By  A.  Nesbit.  IUus-s- 

trated  by  700  Practical  Examples  and  700  Woodcuts.     i2mo.,  y.  bd.     Key,  c^s.\s. 


.SilfZTZr.— CIRCULAR   SLIDE   RULE.     By  G.  L.   Smith.  Fcp.3. 

8vo, ,  ij,  net. 
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ALGEBRA,  ETC. 

**  For  other  Books,  see  Longmans  b'  Co.'s  Catalogue  of  Educational  and  School  Books. 

AiNNALS  OF  MATHEMATICS.  {Published  under  the  Auspices 
OF  Harvard  University.)    issued  Quarterly.   410.,  2j.  net. 

aONSTABLE  and  JZ/ZZ^.— ELEMENTARY  ALGEBRA  UP  TO 
AND  INCLUDING  QUADRATIC  EQUATIONS.    By  W.  G.  Constable,  B.Sc. 

B.  A.,  and  J.  Mills,  B.A.    Crown  8vo.,  2s.    With  Answers,  -zs.  6d. 

Also  in  Three  Parts.    Crown  8vo.,  cloth,  limp,  gd.  each.    Answers.    Three  Parts. 
Crown  8vo.,  paper  covers,  6d.  each. 

CJRACKNELL.  —  V'SiA.CTlCKL  MATHEMATICS.  By  A.  G. 
Cracknell,  M.A.,  B.Sc,  Sixth  Wrangler,  etc.  With  Answers  to  the  Examples. 
Crown  Bvc,  35.  6d. 

ILONGMANS'   JUNIOR   SCHOOL   ALGEBRA.     By  William  S. 

Beard,  F.R.G.S.,  Head  Master  of  the  Modern  School,  Fareham.  Crown  Bvo.,  is.  6d. 
With  Answers,  2S. 

SSMITIf.— Works  by  J.  HAMBLIN  SMITH,  M.A. 

ELEMENTARY  ALGEBRA.     New  Edition,  with  a  large  number 

of  Additional  Exercises.  With  or  without  Answers.  Crown  Bvo. ,  3^.  6d.  Answers 
separately,  6d.    KEY,  Crown  Bvo.,  9^. 

*^*  The  Original  Edition  of  this  Book  is  still  on  Sale,  price  2J.  dd. 

EXERCISES  IN  ALGEBRA.    With  Answers.     Fcap.  8vo.,  25.  dd. 

Copies  may  be  had  without  the  Answers. 

IWELSFORD  and  MA  F6>.— ELEMENTARY  ALGEBRA.     By  J.  W 

Welsford,  M. a.,  formerly  Fellow  of  GonviUe  and  Caius  College,  Cambridge,  and 

C.  H.  P.  MAYO,  M.A.,  formerly  Scholar  of  St.  Peter's  College,  Cambridge ;  Assistant 
Masters  at  Harrow  School.     Crown  Bvo.,  3^.  e>d.,  or  with  Answers,  4J.  dd. 


CONIC  SECTIONS,  ETC. 

CCASEY.—k  TREATISE  ON  THE  ANALYTICAL  GEOMETRY 
OF  THE  POINT,  LINE,  CIRCLE,  AND  CONIC  SECTIONvS.  By  John  Casey. 
LL.D.,  F.R.S.     Crown  Bvo.,  12.5. 

SSALMON.—K  TREATISE  ON  CONIC  SECTIONS,  containing  an 

Account  of  some  of  the  most  Important  Modern  Algebraic  and  Geometric  Methods. 
By  G.  Salmon,  D.D.,  F.R.S.     Bvo.,  i2j. 


^.<>JZZr^— GEOMETRICAL  CONIC  SECTIONS.     By  J.  Hamblin 
Smith,  M.A.     Crown  Bvo.,  35.  dd. 
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THE  CALCULUS,  LOGARITHMS,  ETC. 

BARKER.— G^KVYLICKI.  CALCULUS.  By  Arthur  H.  Barker, 
B.A.,  B.Sc.  With  an  Introduction  by  John  Goodman,  A.M.I.C.E.  With  6i 
Diagrams,    Crown  8vo. ,  4J.  6d. 


MELLOR.  —  YilQYi'm.  MATHEMATICS   FOR   STUDENTS  OF 

CHEMISTRY  AND  PHYSICS.  With  special  reference  to  Practical  Work.  By 
J.  W.  Mellor,  D.Sc,  Research  Fellow,  The  Owens  College,  Manchester.  With 
142  Diagrams.    8vo. ,  i2j.  bd.  net. 


MURRAY.— Wox\.%  by  DANIEL  ALEXANDER  MURRAY,  Ph.D. 

AN  INTRODUCTORY  COURSE  IN  DIFFERENTIAL  EQUA- 
TIONS.   Crown  8vo.,  41.  M. 

A   FIRST   COURSE  IN  THE  INFINITESIMAL  CALCULUS. 
Crown  Bvo. ,  7^.  6d. 


aDEA.—m    ELEMENTARY   TREATISE   ON  LOGARITHMS, 

EXPONENTIAL  AND  LOGARITHMIC  SERIES,  UNDETERMINED  CO- 
EFFICIENTS, AND  THE  THEORY  OF  DETERMINANTS.  By  James  J. 
O'Dea,  M.A.    Crown  Bvo.,  2j. 


TMT:^'.— PRINCIPLES  OF  THE  DIFFERENTIAL  AND  INTEGRAIL 
CALCULUS.    By  Thomas  Tate.    i2mo.,  4?.  M. 


TA  KZC>i?.— Works  by  F.  GLANVILLE  TAYLOR. 

AN  INTRODUCTION  TO  THE  DIFFERENTIAL  AND  IN- 
TEGRAL CALCULUS  AND  DIFFERENTIAL  EQUATIONS.  Crown  Bvo.,  g.-s. 

AN  INTRODUCTION  TO  THE  PRACTICAL  USE  OF  LOGA- 
RITHMS, WITH  EXAMPLES  IN  MENSURATION.  With  Answers  tto 
Exercises.     Crown  Bvo.,  i^.  <id. 


WILLIAMSON.— Works  by  BENJAMIN  WILLIAMSON,  D.Sc. 
AN    ELEMENTARY   TREATISE   ON   THE  DIFFERENTIAIL 

CALCULUS ;  containing  the  Theory  of  Plane  Curves,  with  numerous  Exampless. 
Crown  Bvo.,  10s.  (yd. 

AN  ELEMENTARY  TREATISE  ON  THE  INTEGRAL  CALCUI- 

LUS  ;  containing  Applications  to  Plane  Curves  and  Surfaces,  and  also  a  Chapter  o5n 
the  Calculus  of  Variations,  with  numerous  Examples.    Crown  Bvo.,  xos.  6d, 
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GEOMETRY  AND  EUCLID. 

*  ^  For  other  Works,  see  Longmans  6f  Co.'s  Catalogue  of  Educational  and  School  Books. 

y^ZZJ/^iV.— GREEK  GEOMETRY  FROM  THALES  TO  EUCLID. 

By  G.  J.  Allman.     8vo.  ,  loi.  dd. 

J?^i?i?^ZZ.— ELEMENTARY  GEOMETRY.   By  Frank  R.  Barrell, 

M.A.,  B.Sc,  Professor  of  Mathematics,  University  College,  Bristol. 
Section  I.    Part  I.,  being  the  subject-matter  of  Euclid,  Book  I.    Crown  8vo.,  xs. 
Section  I.    Part  II.,  containing  the  subject-matter  of  Euclid,  Book  III.  1-34,  and  Book  IV. 

4-9.    Crown  8vo.,  xs. 
Section  I.  complete.    Crown  8vo.,  is. 

Section  II. ,  containing  the  remainder  of  Euclid,  Books  III.  and  IV.,  together  with  the  subject- 
matter  of  Books  II.  and  VI.  With  explanation  of  Ratio  and  Proportion,  Trigono- 
metric Ratios  and  Measurement  of  Circles.    Crown  8vo. ,  \s.  6d. 

Sections  I.  and  II.  in  one  volume.    Crown  8vo.,  3^.  6d. 

Section  III.,  containing  the  subject-matter  of  Euchd,  Book  XI.,  together  with  a  full  treat- 
ment of  volume  and  surface  of  the  cylinder,  cone,  sphere,  etc.    Crown  8vo.,  is.  6d. 
Sections  I.,  II.  and  III.  complete  in  one  volume.    Crown  8vo.,  4^.  6d. 

CASEY.— Storks  by  JOHN  CASEY,  LL.D.,  F.R.S. 

THE  ELEMENTS  OF  EUCLID,  BOOKS  I.-VI.  and  Propositions, 

I.-XXI.  of  Book  XI.,  and  an  Appendix  of  the  Cylinder,  Sphere,  Cone,  etc.  ^yith 
Copious  Annotations  and  numerous  Exercises.  Fcp.  8vo.,  4J.  6d.  Key  to  Exercises. 
Fcp.  8vo. ,  6^. 

A  SEQUEL  TO  THE  ELEMENTS  OF  EUCLID.     Part  I.  Books 

I.-VI.    With  numerous  Examples.    Fcp.  8vo.,  35.  6d. 

A  TREATISE  ON  THE  ANALYTICAL  GEOMETRY  OF  THE 

POINT,  LINE,  CIRCLE  AND  CONIC  SECTIONS.  Containing  an  Account  of 
its  most  recent  Extension.    Crown  8vo. ,  isj. 

i^viiJ/7Zr6>iV:  —  ELEMENTS  OF  QUATERNIONS.  By  the  late 
Sir  William  Rowan  Hamilton,  LL.D.,  M.R.I.A.  Edited  by  Charles  Jasper 
JOLY,  M.A.,  Fellow  of  Trinity  College,  Dublin.    2  vols.  4to.  zxs.  net  each. 

ILONGMANS'  LIST  OF  APPARATUS  FOR  USE  IN  GEO- 
METRY, ETC.    See  p.  22. 

^^/^._TEXT-BOOK  ON  PRACTICAL,  SOLID,  AND  DESCRIP- 
TIVE GEOMETRY.  By  David  Allan  Low,  Professor  of  Engineering,  East  London 
Technical  College.    Crown  8vo. 

Part  I.    With  114  Figures,  2s.       Part  II.    With  64  Figures,  3^. 
THE  DIAGRAM  MEASURER.     An  Instrument  for  measuring  the 

Areas  of  Irregular  Figures  and  specially  useful  for  determining  the  Mean  Effective 
Pressure  from  Indicator  Diagrams  from  Steam,  Gas  and  other  Engines.  Designed  by 
D.  A.  Low.  With  Full  Instructions  for  Use.   is.  net. 
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GEOMETRY  AND  ^MCXAXi— Continued. 

MORRIS  AND  HUSBAND.— V^ACTIC Ah  PLANE  AND  SOLID 
GEOMETRY.  By  I.  Hammond  Morris  and  Joseph  Husband.  Fully  Illustratecd 
with  Drawings.    Crown  8vo. ,  2S.  6d. 

MORRIS.— GmUKT^lCAh  DRAWING  FOR  ART  STUDENTS.. 

Embracing  Plane  Geometry  and  its  Applications,  the  Use  of  Scales,  and  the  Plans  ancd 
Elevations  of  Solids  as  required  in  Section  I.  of  Science  Subjects.  By  I.  Hammonid 
Morris.    Crown  8vo. ,  zs. 

^•if/r^— ELEMENTS  OF  GEOMETRY.     By  J.  Hamblin  Smith., 

M.A.  Containing  Books  i  to  6,  and  portions  of  Books  ii  and  12,  of  Euclid,  witlh 
Exercises  and  Notes.    Cr.  8vo.,  3^.  6d.     Key,  crown  Svo.,  8^.  6d. 

Books  I  and  2,  limp  cloth,  is.  6d.,  may  be  had  separately. 
SFOONER.—TU.E  ELEMENTS  OF  GEOMETRICAL  DRAWING  : 

an  Elementary  Text-book  on  Practical  Plane  Geometry,  including  an  Introduction  tco 
Solid  Geometry.  Written  to  include  the  requirements  of  the  Syllabus  of  the  Board  ODf 
Education  in  Geometrical  Drawing  and  for  the  use  of  Students  preparing  for  the  Militaryy 
Entrance  Examinations.    By  Henry  J.  Spooner,  C.E.,  M.Inst.M.E.    Cr.  8vo.,  35.  e,dl. 

^.^7;SC>yV.— ELEMENTS  OF  PLANE  AND  SOLID  GEOMETRY'. 
By  H.  W.  Watson,  M.A.    Fcp.  Svo.,  3^.  6d. 

WILSON.— G^OMKT^CAL  DRAWING.    For  the  use  of  Candidatess 

for  Army  Examinations,  and  as  an  Introduction  to  Mechanical  Drawing.  By  W.  NJ. 
Wilson,  M.A.    Parts  I.  and  II.    Crown  8vo.,  4^.  6d.  each. 

WINTER.— EUEM.'mTKKY   GEOMETRICAL   DRAWING.  B>y 

S.  H.  Winter.  Part  I.  Including  Practical  Plane  Geometry,  the  Construction  of  Scaless, 
the  Use  of  the  Sector,  the  Marquois  Scales,  and  the  Protractor.  With  3  Plates  anad 
1000  Exercises  and  Examination  Papers.    Post  8vo. ,  55. 


OPTICS,  PHOTOGRAPHY,  ETC. 

ABNEY.—A  TREATISE  ON  PHOTOGRAPHY.    By  Sir  William  dke 

Wiveleslie  Abney,  K.C.B.,  F.R.S.,  Principal  Assistant  Secretary  of  the  Secondaryy 
Department  of  the  Board  of  Education.     With  134  Illustrations.     Fcp.  8vo.,  55. 

Z>i?C/Z>^.— THE  THEORY  OF  OPTICS.    By  Paul  Drude,  Professo-or 

of  Physics  at  the  University  of  Giessen.  Translated  from  the  German  by  C.  Riborgg 
Mann  and  Robert  A.  Millikan,  Assistant  Professors  of  Physics  at  the  University  oof 
Chicago.    With  no  Diagrams.    8vo.,  15^.  net. 

GLAZEBROOK.—mX^KZAh   OPTICS.     By  R.  T.  Glazebrook,:, 

M.A.,  F.R.S.,  Principal  of  University  College,  Liverpool.  With  183  Woodcuts  oDf 
Apparatus,  etc.    Fcp.  8vo. ,  bs. 

VANDERPOEL.-COhO'^  PROBLEMS  :  a  Practical  Manual  for  thee 

Lay  Student  of  Color.  By  Emily  Noyes  Vanderpoel.  With  117  Plates  in  Color.r. 
Square  Svo. ,  2ii.  net. 

WRIGHT.— OYi:i(ZAh  PROJECTION  :  a  Treatise  on  the  Use  of  thee 

Lantern  in  Exhibition  and  Scientific  Demonstration.  By  Lewis  Wright,  Author  ofof 
'  Light :  a  Course  of  Experimental  Optics'.    With  232  Illustrations.    Crown  8vo.,  6j 


Scientific  Works  published  by  Longmans,  Green,  Co. 


15 


TRIGONOMETRY. 

(TASEY.-K  TREATISE  ON  ELEMENTARY  TRIGONOMETRY 

By  JOHN  Casey,  LL.  D.  ,  F.  R.  S. ,  late  Fellow  of  the  Royal  University  of  Ireland.  With 
numerous  Examples  and  Questions  for  Examination.    i2mo.,  y. 

6?6>C>Z>ffW.— PLANE  AND  SPHERICAL  TRIGONOMETRY.  By 

H  B  Goodwin,  M.A.     In  Three  Parts,  comprising  those  portions  of  the  subjects 
theoretical  and  practical,  which  are  required  in  the  Final  Examination  for  Rank  of 
Lieutenant  at  Greenwich.    8vo. ,  8j.  6d. 
irONES—m^   BEGINNINGS   OF  TRIGONOMETRY.     By  A. 
Clement  Tones,  M.A.,  Ph.D.,  late  Open  Scholar  and  Senior  Hulme  Exhibitioner 
of  IraseLse  College,  Oxford  ;  Senior  Mathematical  Master  of  Bradford  Grammar 
School.     Crown  8vo.,  2^. 

iWA  Fa— ELEMENTARY  TRIGONOMETRY.    By  C.  H.  P.  Mayo, 

M  A  late  Scholar  of  St.  Peter's  College,  Cambridge ;  Assistant  Master  at  Harrow 
School.    With  Examples  and  Answers.    Crown  8vo.,  35.  6d. 

6S/^//7^.  — ELEMENTARY  TRIGONOMETRY.  By  J.  Hamblin 
Smith,  M.A.     Crown  8vo.,  4J.  6d.     Key,  7s.  6d. 

SOUND,  LIGHT,  HEAT,  AND  THERMODYNAMICS. 

ZD^Xr^^.— ELEMENTARY  PRACTICAL  SOUND,  LIGHT  AND 
HEAT  By  Joseph  S.  Dexter,  B.Sc.  (Lond.),  Physics  Master,  Technical  Day 
School,  The  Polytechnic  Institute.  Regent  Street.  With  152  Illustrations.  Crown 
8vo.,  2s.  6d. 

lEMTAGE.—lAGWY.  By  W.  T.  A.  Emtage,  M.A.,  Director  of  Public 
Instruction,  Mauritius.    With  232  Illustrations.    Crown  8vo.,  65. 

lHELMHOLTZ.—0^   THE    SENSATIONS    OF   TONE    AS  A 

PHYSIOLOGICAL  BASIS  FOR  THE  THEORY  OF  MUSIC.  By  Hermann 
von  Helmholtz.    Royal  8vo. ,  28^. 

IMAX  WELZ.— THEORY  OF  HEAT.    By  J.  Clerk  Maxwell,  M. A., 

F.R.SS.,  L.  and  E.  With  Corrections  and  Additions  by  Lord  Ravleigh.  With  38 
Illustrations.    Fcp.  8vo.,  4s.  6d. 

J FZAJVCK.— TREATISE  ON  THERMODYNAMICS.  By  Dr.  Max 
Planck,  Professor  of  Theoretical  Physics  in  the  University  of  Berlin.  Translated, 
with  the  Author's  sanction,  by  Alexander  Ogg,  M.A.,  B.Sc,  Ph.p.,  late  1851  Ex- 
hibition Scholar,  Aberdeen  University ;  Assistant  Master,  Royal  Naval  Engineering 
College,  Devonport.    8vo. ,  7s.  6d.  net. 

^SMITB.— THE  STUDY  OF  HEAT.    By  J.  Hamblin  Smith,  M.A., 

of  Gonville  and  Caius  College,  Cambridge.    Crown  8vo.,  3s. 
:  TVND ALL.— Works  by  JOHN  TYNDALL,  D.C.L.,  F.R.S.    See  p.  41. 
]WORMELL.—K  CLASS-BOOK  OF  THERMODYNAMICS.  By 

Richard  Wormell,  B.Sc,  M.A.    Fcp.  8vo.,  i.s.  6d. 
]  WRIGHT.— \Nox\is  by  MARK  R.  WRIGHT,  M.A. 

SOUND,  LIGHT,  AND  HEAT.     With  160  Diagrams  and  Illus- 
trations.   Crown  8vo. ,  2J.  6d. 
ADVANCED  HEAT.    With  136  Diagrams  and  numerous  Examples 
and  Examination  Papers.    Crown  8vo. ,  4^.  6d. 
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ARCHITECTURE,  BUILDING  CONSTRUCTION,  ETC 

ADVANCED  BUILDING  CONSTRUCTION.     By  the  Author  o,f 

Jlivmgtons  Notes  on  Building  Construction'.    With  385  Illustrations.     Crown  Bvo... 

^^iWV-.-STYLE  IN  FURNITURE.     By  R.  Davis  Benn  Witth 
102  Plates  by  W.  C.  Baldock.    Bvo.,  21J.  net. 

^^^sffurrmv^^^^f  ^^."^^^    PRACTICAL    BUILDING  CON[- 

f™  By  F- W.  Booker.    With  727  Illustrations.    Crown  Bvo.., 

i9C^^i?^ZZ.  -  BUILDING    CONSTRUCTION.     By    Edward  If 

Syo^Af''^■  ^^""'^  Master  of  the  People's  Palace  Technical  School,  London.  Withh 
303  Working  Drawings.    Crown  Bvo.,  25.  6^/.  ""uuii.  vviiin 

GWILT.-m    ENCYCLOPEDIA    OF    ARCHITECTURE  Bw 

™E  HISTORY  OF  ARCHITEC:- 
TURE.    By  A.  D.  F.  Hamlin.  A. M.    With  229  Illustrations.    Crown  Bvo.,  7^.  6./. 

^^^fi^.  ^"^^  tWJ^/iV:— THE  ART  OF  BUILDING  A  HOME  • 

UNw^N^^'^With^fiaVT^'  ^Sf  Ill^sti-ations.  By  Barry  Parker  and  Raymonid 
UN  WIN.    With  68  Full-page  Plates,    Bvo.,  xos.  6d.  net. 

i?/CZr^iPZ'6'.— BRICKLAYING  AND  BRICKCUTTING     By  H 

Sute°'H5fHT^R^^'■'''^T'"^^  and  Masonry  to  the  City  and  Guilds  of  Londonn 
Institute,  Head  of  Building  Trades  Department,  Northern  Polytechnic  Institutee 
London,  N.    With  over  200  Illustrations.    8vo.,  is.  6d.  msmutee, 

^^^fTl^¥  LIGHTING  OF  SCHOOLROOMS:   a  Manual  fo.r 
P?n     w^'i.  '  Superintendents  and  Teachers.    By  Stuart  H.  Rowee 

Ph.D.    With  32  Illustrations.    Crown  8vo.,  35.  6rf.  net.  •  i^^jvyb-b., 

^-^Z^iPCiY.— BUILDER'S  WORK  AND  THE  BUILDING  TRADESS 
By  Col.  H.  C.  Seddon,  R.E.    With  numerous  Illustrations.    Medium  Bvo.,  i6j. 

VENTILATION,  HEATING  AND  MANAGEC- 

F  fc  Vc^s''"wi!'h'^??n  "^""P  ^^r^"^  BUILDINGS.  By  J.  W.  ThomIs  , 
li-.l.C,  i'.C.S.    With  25  Illustrations.    Crown  Bvo.,  2 6(/. 

VALDE^.-BOOK  OF  TABLES,  giving  the  Cubic  Contents  of  fron^i 

?.^^<^  Tr,  ^t'^^  ^H^'^^'  -P^^i"'  ^^"^1'  Scantlings  of  the  Sizes  usually  imported  oor 
sizes  the  rontPmf^f  ^v'^f'  t^g^^th^'.^'t^  Appendix  showing  a  lar'ge  number  oof 
THOMAS  VA~  °Sblong\ro?f  6?net  "'^""^  *°  ^^^>' 

RIViNCTONS'  COURSE  OF  BUILDING  CONSTRUCTION. 
NOTES  ON  BUILDING  CONSTRUCTION.    Medium  8vo. 
Part  I.     With  695  Illustrations,  lo^.  6d.  net. 
Part  II.    With  496  Illustrations,  los.  6d.  net. 
Part  III.    Materials.    With  188  Illustrations,  i8^.  net. 

Part  IV.    Calculations  for  Building  Structures.    With  cci  Illustra-i- 
tions,  13J.  net. 
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STEAM,  OIL,  AND  GAS  ENGINES,  AND  MOTORS. 

BALE.-k  HAND-BOOK  FOR  STEAM  USERS;  being  Rules  for 

Engine  Drivers  and  Boiler  Attendants,  with  Notes  on  Steam  Engine  and  Boiler 
Management  and  Steam  Boiler  Explosions.  By  M.  Powis  Bale,  M.  I.M.E.  , 
M.Inst.C.E.    Fcp.  8vo.,  2s.  6d. 

(CLERK.— GAS   AND  OIL  ENGINE.    By   Dugald  Clerk, 

Member  of  the  Institution  of  Civil  Engineers,  Fellow  of  the  Chemical  Society,  Member 
of  the  Royal  Institution,  Fellow  o'^  the  Institute  of  Patent  Agents.  With  228  Illus- 
trations.   Svo.,  155. 

IDIPLOCK.—K  NEW  SYSTEM  OF  HEAVY  GOODS  TRANSPORT 
ON  COMMON  ROADS.  By  Bramah  Joseph  Diplock.  With  27  Illustrations  and 
Diagrams.    Medium  Svo. ,  6^.  dd.  net. 

}FLETCHER.—WQ,\A'$>W  AND  AMERICAN  STEAM  CARRIAGES 
AND  TRACTION  ENGINES.  By  William  Fletcher,  M.Inst.Mech.E.  With 
250  Illustrations.    Svo.,  15.?.  net. 

lHOLMES.—i:m  STEAM  ENGINE.    By  George  C.  V.  Holmes, 

C.  B.,  Chairman  of  the  Board  of  Works,  Dublin.  With  212  Illustration-.  Fcp.  Bvc,  6j. 

2L0W.—TB.E  DIAGRAM  MEASURER.    An  Instrument  for  measur- 

ing  the  Areas  of  Irregular  Figures  and  specially  useful  for  determining  the  Mean  Effective 
Pressure  from  Indicator  Diagrams  from  Steam,  Gas  and  other  Engines.    Designed  by 

D.  A.  Low,  Professor  of  Engineering,  East  London  Technical  College,  London.  With 
Full  Instructions  for  Use.    15.  net. 

IMETCALFE.  —  ELEMENTARY   STEAM   ENGINEERING.  By 

H.  W.  Metcalfe,  Engineer  Commander,  R.N.    With  Illustrations.  Svo. 

1NEILS0N.—1:Y{.E  steam  turbine.     By  Robert  M.  Neilson, 

Associate  Member  of  the  Institute  of  Mechanical  Engineers,  etc.  With  28  Plates 
and  212  Illustrations  in  the  Text.    8vo.,  \os.  6d.  net. 

2N0RRIS.—h  PRACTICAL  TREATISE  ON  THE  'OTTO'  CYCLE 

GAS  ENGINE.  By  William  Norris,  M.I.Mech.E.  With  207  Illustrations.  8vo., 
10s.  6d. 

iPARSONS.—'i'VEAU  BOILERS:  THEIR  THEORY  AND  DESIGN. 

By  H.  DE  B.  Parsons,  B.S.,  M.E. ,  Consulting  Engineer;  Member  of  the  American 
Society  of  Mechanical  Engineers,  American  Society  of  Civil  Engineers,  etc.  ;  Professor 
of  Steam  Engineering,  Rensselaer  Polytechnic  Institute.  With  170  Illustrations.  Svo. 
I  or.  6d.  net. 

JR/FRER.— Works  by  WILLIAM  RIPPER,  Professor  of  Engineering  in 
the  Technical  Department  of  University  College,  Sheffield. 

STEAM.    With  185  Illustrations.    Crown  8vo.,  2s.  6d. 

STEAM  ENGINE  THEORY  AND  PRACTICE.    With  441  Illus- 
trations.   8vo.,  gs. 
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STEAIVI,  OIL,  AND  GAS  ENGINES,  AND  mOTOTi^- Continued. 

SENNETT  AND  OJ^AM.— THE  MARINE  STEAM  ENGINE :  A 

Treatise  for  Engineering  Students,  Young  Engineers  and  Officers  of  the  Royal  Navv 
and  Mercantile  Marine.    By  the  late  Richard  Sennett,  Engineer-in-Chief  of  the 
Navy,  etc.  ;    and  Henry  J.   Oram,  Deputy  Engineer-in-Chief  at   the  Admiralty 
Engineer  Rear  Admiral  in  H.M.  Fleet,  etc.    With  414  Diagrams.    8vo.,  21s. 

STJ^OME YE Ji. —MARINE  BOILER  MANAGEMENT  AND  CON- 
STRUCTION. Being  a  Treatise  on  Boiler  Troubles  and  Repairs,  Corrosion 
Iniels,  and  Heat,  on  the  properties  of  Iron  and  Steel,  on  Boiler  Mechanics  Work- 
shop Practices,  and  Boiler  Design.  By  C.  E.  Stromeyer,  Chief  Engineer  of  the 
Manchester  Steam  Users"  Association,  Member  of  Council  of  the  Institution  of  Naval 
Architects,  etc.    With  452  Diagrams,  etc.    8vo. ,  12s.  net. 

IVff/TE.—FETROL  MOTORS  AND   MOTOR  CARS:  A  Hand- 
book for  Engineers,  Designers  and  Draughtsmen.  By  T.  Hyler  White  A  M  I  M  E 
With  44  Illustrations.    Crown  8vo.,  4s.  6d.  net.  ' 


ELECTRICITY  AND  MAGNETISM. 

AJ^J^JIEJV/US.— A  TEXT-BOOK  OF  ELECTROCHEMISTRY.  Bw 

SVANTE  Arrhenuis,  Professor  at  the  University  of  Stockholm.    Translated  from  th.e 
German  Edition  by  John  McCrae,  Ph.D.    With  58  Illustrations.    8vo.,  gs.  6d.  net. 

C^i^C/^-f^/Z^CiV.— ELECTRO-DYNAMICS  :  the  Direct- Currenit 
Motor.    By  Charles  Ashley  Carus- Wilson,  M.A.  Cantab.     With  71  Diagrams 
and  a  Series  of  Problems,  with  Answers.    Crown  8vo.,  ys.  6d. 

CUMM/JVG.— ELECTRICITY  TREATED  EXPERIMENTALLY 

By  LiNN^.us  CUMMING,  M.A.    With  242  Illustrations.    Cr.  8vo.,  4s.  6 J. 

GOJ^E.— THE  ART  OF  ELECTRO-METALLURGY,  including  alii 

known  Processes  of  Electro-Deposition.  By  G.  Gore,  LL.D.,  F.R.S  With  c6  Illus- 
trations.   Fcp.  8vo.,  6^. 

HENDERSON.— Works  by  JOHN  HENDERSON,  D.Sc,  F.R.S.E. 
PRACTICAL   ELECTRICITY  AND  MAGNETISM.     With  ictt 

Illustrations  and  Diagrams.    Crown  8vo.,  js.  6d. 

PRELIMINARY    PRACTICAL    MAGNETISM    AND  ELEC- 
TRICITY.   Crown  8vo.,  xs. 

BIB SERT.— MAGNETISM  AND  ITS  ELEMENTARY  MEASURE- 
MENT.   By  W.  HiBBERT,  F.I.C.,  A.M.I.E.E.    With  55  Diagrams.    Crown  8vo.,  2s.. 

/ENKIN  — ELECTRICITY   AND  MAGNETISM.     By  Fleeming. 

JENKIN,  F.R.S.,  M.I.C.E.    With  177  Illustrations.    Fcp.  8vo.,  3^.  6d. 
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ELECTRICITY  AND  m fikGUE.TlSYH— Continued . 

79  ELEMENTARY  TREATISE  ON  ELECTRICITY  AND 

MAGNETISM.  By  G.  Carey  Foster,  F.R.S.  ;  and  Alfred  W.  Porter,  B.Sc. 
Founded  on  Joubert's  '  Trait6  E16mentair6  d'Electricit^ '.  With  374  Illustrations 
and  Diagrams.    8vo. ,  lo^.  6d.  net. 

KC^.— EXAMPLES  IN  ELECTRICAL  ENGINEERING.  By 
Samuel  Joyce,  A.I.E.E.    Crown  8vo.,  55. 

i^i?/>^iV^.— ELECTRICITY     FOR    PUBLIC    SCHOOLS  AND 

COLLEGES.  By  W.  Larden,  M.A.  With  215  Illustrations,  and  a  Series  of 
Examination  Questions  ;  with  Answers.    Crown  8vo.,  6s. 

i(rERRIFIELn.  —  UKG^KH?>U  AND  DEVIATION  OF  THE 
COMPASS.    By  John  Merrifield,  LL.D.,  F.R.A.S.,  i8mo.,  2s.  6d. 

PRACTICAL  ELECTRICAL  TESTING  IN  PHYSICS  AND 
ELECTRICAL  ENGINEERING.  By  G.  D.  Asfinall  Parr,  Assoc.  M.I.E.E. 
With  231  Illustrations.    8vo. ,  8j.  6d. 

FO  KSi5i?.— Works  by  A.  W.  POYSER,  M.A. 
MAGNETISM    AND    ELECTRICITY.     With    235  Illustrations. 

Crown  8vo.  ,  25.  bd. 

ADVANCED  ELECTRICITY  AND   MAGNETISM.     With  317 

Illustrations.    Crown  8vo.,  4?.  dd. 

RHODES.— ELEMENTARY  TREATISE  ON  ALTERNATING 
CURRENTS.  By  W.  G.  Rhodes,  M.Sc.  (Vict.),  ConsuUing  Engmeer.  With 
80  Diagrams     8vo.,  7 J.  (3d.  net. 

SLINGO  AND  BJiOOKER.— Works  by  W.  SLINGO  and  A. 
BROOKER. 

ELECTRICAL     ENGINEERING    FOR    ELECTRIC  LIGHT 

ARTISANS  AND  STUDENTS.    With  383  Illustrations.    Crown  8vo.,  12s. 

PROBLEMS   AND   SOLUTIONS   IN    ELEMENTARY  ELEC- 
TRICITY AND  MAGNETISM.    With  98  Illustrations.    Cr.  8vo.,  2S. 

TYNjDAZL.— Works  by  JOHN  TYNDALL,  D.C.L.,  F.R.S.     See  p.  41. 


TELEGRAPHY  AND  THE  TELEPHONE. 

ffOFXmS.—TELEVUONE  LINES  AND  THEIR  PROPERTIES. 
By  William  J.  Hopkins,  Professor  of  Physics  in  the  Drexel  Institute,  Philadelphia. 
Crown  8vo.,  6s. 

PREECE    AND    SIVEWRIGHT.-TEEEG^KSWi.     By   Sir  W. 

H.  Preece,  K.C.B..  F.R.S.,  V.P.Inst.,  C.E.,  etc..  Consulting  Engineer  and 
Electrician,  Post  Office  Telegraphs;  and  Sir  J.  Sivewright  K.C.M.G.,  General 
Manager,  South  African  Telegraphs.    With  267  Illustrations.    Fcp.  8vo.,  6s. 


20  Scientific  Works  published  by  Longmans,  Green,  6^  Co. 


ENGINEERING,  STRENGTH  OF  MATERIALS,  ETC. 

ANDERSON.— STRENGTH  OF  MATERIALS  AND  STRUC- 
TURES: the  Strength  of  Materials  as  depending  on  their  Quality  and  as  ascertained 
by  Testing  Apparatus.  By  Sir  J.  Anderson,  C.E.,  LL.D.,  F.R.S.E.  With  66  Illuss- 
trations.    Fcp.  8vo.,  3J.  6d. 

BARRY.— ^MUNKY  APPLIANCES:  a  Description  of  Details  of 

Railway  Construction  subsequent  to  the  completion  of  the  Earthworks  and  Structuress 
By  Sir  John  Wolfe  Barry,  K.C.B.,  F.R.S.,  M.I.C.E.  With  218  Illustrationss. 
Fcp.  Bvo.,  4 J.  6d. 

DIPLOCK.—K  NEW  SYSTEM  OF  HEAVY  GOODS  TRANSPOR^T 
ON  COMMON  ROADS.  By  Braham  Joseph  Diplock.  With  27  Illustrationss. 
Bvo.,  6^.  6d.  net. 

GOODMAN.  -MECHANICS  APPLIED  TO  ENGINEERING.  B'.y 
John  Goodman,  Wh.Sch.,  M.I.C.E.,  M.I.M.E.,  Professor  of  Engineering  in  thie 
University  of  Leeds.  With  714  Illustrations  and  numerous  Examples.  Crown  8voj., 
gj.  net. 

GREGORY.— A  SHORT  INTRODUCTION  TO  THE  THEORW 

OF  ELECTROLYTIC  DISSOCIATION.  By  J.  C.  GREGORY,  B.Sc.  (LondJ.) 
A. I.e.    Crown  8vo.,  i^.  6d. 

LOW.— A   POCKET-BOOK   FOR   MECHANICAL  ENGINEERS. 

By  David  Allan  Low  (Whitworth  Scholar),  M.I.Mech.E.,  Professor  of  Engineeringg, 
East  London  Technical  College  (People's  Palace),  London.  With  over  1000  specialMy 
prepared  Illustrations.    Fcp.  8vo. ,  gilt  edges,  rounded  corners,  ys.  6d. 

J'A  RXINS  ON  —  LIGHT  RAILWAY  CONSTRUCTION.  Biy 
Richard  Marion  Parkinson,  Assoc. M. Inst. C.E.  With  85  Diagrams.  Bvoj., 
10s.  6d.  net. 

SAf/TIf.— GRAPHICS,  or  the  Art  of  Calculation  by  Drawing  Liness, 

applied  especially  to  Mechanical  Engineering.  By  Robert  H.  Smith,  forjnerWy 
Professor  of  Engineering,  Mason  College,  Birmingham.  Part  I.  With  separatite 
Atlas  of  29  Plates  containing  97  Diagrams.    Bvo.,  15J. 

STONE  Y— THE  THEORY  OF  STRESSES  IN  GIRDERS  ANID 

SIMILAR  STRUCTURES;  with  Practical  Observations  on  the  Strength  and  othaer 
Properties  of  Materials.  By  Bindon  B.  Stoney,  LL.D.,  F.R.S.,  M.I.C.E.  Witith 
5  Plates  and  143  lUust.  in  the  Text.    Royal  Bvo.,  36^. 

UNWIN— THE  TESTING  OF  MATERIALS  OF  CONSTRUCTIONS. 

A  Text-book  for  the  Engineering  Laboratory  and  a  Collection  of  the  Results  cof 
Experiment.  By  W.  Cawthorne  Unwin,  F.R.S.,  B.Sc.  With  5  Plates  and  1888 
Illustrations  and  Diagrams.    Bvo. ,  i6s.  net. 

/^^J?i?^A^.— ENGINEERING  CONSTRUCTION  IN  IRON,  STEEIL, 
AND  TIMBER.  By  William  Henry  Warren,  Challis  Professor  of  Civil  anmd 
Mechanical  Engineering,  University  of  Sydney.  With  13  Folding  Plates  and  3775 
Diagrams.    Royal  Bvo.,  16 f.  net. 

WHEELER.  —  THE    SEA    COAST :    Destruction,    Littoral  Driftft, 

Protection.  By  W.  H.  Wheeler,  M.Inst.  C.E.  With  38  Illustrations  and  Diagramrn. 
Medium  Bvo.,  loj.  dd.  net. 
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LONGMANS'  CIVIL  ENGINEERING  SERIES. 

CIVIL   ENGINEERING    AS   APPLIED    TO  CONSTRUCTION. 
By  Leveson  Francis  Vernon-Harcourt,  M.A.,  M.Inst.C.E.    With  368  Illus- 
trations.   Medium  8vo.,  net.  14^.  ,     „  .,       „  j  ^  1 
CONTENTS.-Materials.  Preliminary  Works,  Foundations  and  Roads-Ra.lway  Bridge  and  Tunnel 
Engineering- River  and  Canal  Engineering- Irrigation  Works- Dock  Works  and  Maritime  En- 
gineering—Sanitary Engineering. 

NOTES    ON    DOCKS   AND    DOCK   CONSTRUCTION.     By  C. 

COLSON,  C.B.,  M.Inst.C.E.   With  365  Illustrations.    Medium  8vo.,  21J.  net 

CALCULATIONS  IN  HYDRAULIC  ENGINEERING:  a  Practical 

Text-Book  for  the  use  of  Students,  Draughtsmen  and  Engineers.  By  T.  Claxton 
FiDLER,  M.Inst.C.E. 

Part  I.  Fluid  Pressure  and  the  Calculation  of  its  Effects  in  Engineering 

Structures.    With  numerous  Illustns.  and  Examples.    8vo.,  6s.  6d.  net. 

Part  II.  Calculations  in  Hydro- Kinetics.    With  numerous  Illustrations 

and  Examples.    8vo.,  7s.  6d.  net. 

RAILWAY    CONSTRUCTION.      By    W.    H.    Mills,  M.LC.E., 

Engineer-in-Chief  of  the  Great  Northern  Railway  of  Ireland.  Wuh  516  Illustrations 
and  Diagrams.    8vo.,  i8j.  net. 

PRINCIPLES  AND  PRACTICE  OF  HARBOUR  CONSTRUCTION. 
By  William  Shield,  F.R.S.E.,  M.Inst.C.E.  With  97  Illustrations.  Medium  8vo., 
1 55.  net. 

TIDAL  RIVERS:  their  (i)  Hydraulics,  (2)  Improvement,  (3)  Navigation. 

By  W.  H.  Wheeler,  M.Inst.C.E.     With  75  Illustrations.    Medium  8vo.,  ibs.  net. 


NAVAL  ARCHITECTURE. 

ATTWOOn.—SNorks   by    EDWARD    L.    ATTWOOD,  M.Inst.N.A., 
Member  of  the  Royal  Corps  of  Naval  Construction. 
WAR    SHIPS :    A    Text-book    on    the    Construction,  Protection, 

Stability.  Turning,  etc.,  of  War  Vessels.  With  numerous  Diagrams.  Medium 
8vo.,  10s.  6d.  net. 

TEXT-BOOK  OF  THEORETICAL  NAVAL  ARCHITECTURE  : 

a  Manual  for  Students  of  Science  Classes  and  Draughtsmen  Engaged  in  Shipbuilders' 
and  Naval  Architects'  Drawing  Offices.   With  114  Diagrams.    Crown  8vo.,  7s.  6d. 

jy6>ZJ/5.  —  PRACTICAL    SHIPBUILDING:   a   Treatise   on  the 

Struc  ural  Design  and  Building  of  Modern  Steel  Ve'^sels,  the  work  of  construction, 
from  the  making  of  the  raw  material  to  the  equipped  vessel,  including  subsequent 
up-keep  and  repairs.  By  A.  Campbell  Holms,  Member  of  the  Institution  of  Naval 
Architects,  etc.  In  2  vols.  (Vol.  I.,  Text,  medium  8vo. ;  Vol.  II.,  Diagrams  and 
Illustrations,  oblong  4to.),  48J.  net. 

LOVETT—K  COMPLETE  CLASS-BOOK  OF  NAVAL  ARCHI- 
TECTURE, PRACTICAL,  LAYING-OF,  THEORETICAL.  By  W.  J.  Lovett 
With  numerous  Illustrations,  and  nearly  200  worked  out  answers  to  recent  Board  of 
Education  Examination  Questions.    8vo  ,  7s.  6d.  net. 

WATSON.— ^AYKL  ARCHITECTURE:   A   Manual  of  Laying  off 

Iron,  Steel  and  Composite  Vessels.  By  Thomas  H.  Watson,  Lecturer  on  Naval 
Architecture  at  the  Durham  College  of  Science,  Newcastle-upon-Tyne.  With  numerous 
Illustrations.    Royal  8vo.,  1,55.  net. 
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WORKSHOP  APPLIANCES,  ETC. 

NORTHCOTT.-\.kTYL^<$,    AND   TURNING,   Simple,  Mechanical 

and  Ornamental.  By  W.  H.  Northcott.    With  338  Illustrations.  8vo.,  i8j. 

machinp:  tools  and  workshop  practice  for 

ENGINEERING  STUDENTS  AND  APPRENTICES.  By  Alfred  Parr 
Instructor  in  Fitting  and  Machine  Shop  and  Forge,  University  College,  Nottingham' 
With  an  Introduction  by  William  Robinson,  M.E.,  M.Inst.C.E  With  462 
Illustrations.    Bvo. ,  loj.  6d.  ^ 

^.y^ZZ^  K-VVORKSHOP    APPLIANCES,    including  Descriptions 

of  some  of  the  Gauging  and  Measuring  Instruments,  Hand-cutting  Tools.  Lathes 
Drilling  Planemg,  and  other  Machine  Tools  used  by  Engineers.  By  C  P.  B.  Shelley' 
M.I.C.E.  With  an  additional  Chapter  on  Milling  by  R.  R.  Lister.  With  -321  \Wn^ 
trations.    Fop.  8vo. ,  5^. 


MACHINE  DRAWING  AND  DESIGN. 

Z'C/iV^^^Z^K— MECHANISM.      By   S.   DUNKERLEY    M  Sc 

Assoc. M.Inst. C.E  M.Inst.C.E.,  Professor  of  Applied  Mechanics  in  the  Royal  Naval 
College,  Greenwich.    With  416  Diagrams.    8vo. ,  gj.  net. 

LONGMANS'   IMPROVED  DRAWING  APPLIANCES.  Designed 
by  David  Allan  Low,  M.I.Mech.E.  ^ 


Adjustable  Protractor  Set  Square,  2s.  6rf. 
net. 

Cardboard  Scales,  in  stiff  cloth  case,  per 

set,  dd.  net. 
New  Drawing  Scales,  sets  of  i,  2,  3,  nine 

inches  long,  in  paper  case,  \s.  net ;  in 

cloth  case,  xs.  jd.  net. 

twelve 

inches  long,  in  paper  case,        6d.  net ; 
in  clo:h  case,  is.  gd.  net. 
;  •  No.  I,  twelve- 
inch  scale,  sold  separately,  6d.  net. 

Protractor  No.  2,  three-inch  radius  divided 
into  degrees,  6d.  net. 

— ;  ■  3,  four-inch  radius  divided 

into  half  degrees,  gd.  net. 

Vector  Set  S'|uare,  No.  i,  is.  gd.  net. 

Set  Squares,  Design  A,  No.  i,  60",  height 
6  in. ,  ij-.  net. 

 45°,  height 


4  in.,  IS.  net. 


4  in.,  IJ.  net. 
8|  in.,  IJ.  3^.  net. 
6  in.,  IS.  ^d.  net. 


 2,  60°,  height 

 45°,  height 

 3,  60°,  height 

 45°,  height 

 -4,  60°,  height 


12  in. ,  2S.  net. 
8^  in. ,  2s.  net. 
17  in.,  4.9.  6d.  net. 

*«*  A  Detailed  and  Illustrated  Prospectus  will  be  sent  on  application. 


Set  Squares,  Design  A,  No.  4,  45°,  height 
12  in.,  4J.  6d.  net. 

 B,  No.  I,  60°,  height 

6  in.,  i.f.  net. 

 45°,  heighit 

 2,  60°,  heighit 

 45°.  heighit 

 3,  60°,  heightt 

 45°.  heighit 

 "4,  60°,  heightt 

:  45°.  heightr 

12  in.,  4j.  bd.  net. 
T  Squares,  Design  A,  No.  i,  20  in.  long 
3.f.  6d.  net. 

■  2,  26  in.  long 

5 J.  net. 


8^  in. ,  IJ.  ^d.  net. 
6  in.,  IS.  2,d.  net. 
12  in. ,  2s.  net. 


8|  in. ,  2s.  net. 
17  in. ,  4J.  6d.  net. 


 —3,  33  in.  long, 

OS.  6d.  net. 

B,  No.  I,  20  in.  long 

3 J.  6d.  net. 

2,  26  in.  long, 

5J.  net. 

— -   3,  33  in_  iong_ 

OS.  6d.  net. 
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MACHINE  DRAWING  AND  liE.S\CVk— Continued. 

LONGMANS'  ENGLISH  AND  METRIC  RULE,  marked  on  one  edge 

in  inches,  etc.,  and  on  other  edge  in  centimetres,  id.  net. 

LONGMANS'  BLACKBOARD  ENGLISH  AND  METRIC  RULE. 

One  Metre ;  marked  in  decimetres,  centimetres,  inches,  half-mches  and  quarter-mches. 
25.  6d- 

LOW  AND  BEVlS.-h  MANUAL  OF  MACHINE  DRAWING  AND 
DESIGN.  David  Allan  Low  and  Alfred  William  Bevis.  With  over  700 
Illustrations.    8vo. ,  7s.  6d. 

X<9ff/._Works  by  DAVID  ALLAN  LOW. 

AN  INTRODUCTION  TO  MACHINE  DRAWING  AND  DESIGN. 

With  153  Illustrations  and  Diagrams.    Crown  8vo.,  2j.  6d. 

A  POCKET-BOOK  FOR  MECHANICAL  ENGINEERS.  Fcp. 

8vo.,  js.  6d. 

THE  DIAGRAM  MEASURER.    An  Instrument  for  Measuring  the 

Areas  of  Irregular  Figures,  and  specially  useful  for  determining  the  Mean  Effective 
Pressure  from  Indicator  Diagrams  from  Steam,  Gas  and  other  Engines.  With  full 
instructions,    i^.  net. 

UNWLN.—TUY.  ELEMENTS  OF  MACHINE   DESIGN.     By  W. 
Cawthorne  Unwin,  F.R.S. 
Part  1.    General  Principles,  Fastenings,  and  Transmissive  Machinery. 

With  34S  Diagrams,  etc.    Fcp.  Bvo.,  7s.  6d. 

Part  II.    Chiefly  on  Engine  Details.    With  259  Diagrams,  etc.  Fcp. 

8vo. .  6^. 

MINERALOGY,  MINING,  METALLURGY,  ETC. 

BAUERMAN.—^oxY^  by  HILARY  BAUERMAN,  F.G.S. 

SYSTEMATIC   MINERALOGY.     With   373   Illustrations.  Fcp. 

8vo. ,  65. 

DESCRIPTIVE   MINERALOGY.     With   236   Illustrations.  Fcp. 

8vo. ,  6j. 

BREARLEY  AND  LBBOTSON.-^m  ANALYSIS  OF  STEEL- 
WORKS MATERIALS.  By  Harry  Brearlev  and  FR'^'^„\fJ]?Jf ^^'^vf^^  <^ond  . 
Demonstrator  of  Micrographic  Analysis,  University  College,  Sheffield.  With  8^  Illus 
trations.    8vo.,  14.?.  net. 

6!Ci?^.-THE  ART  OF  ELECTRO-METALLURGY.    By  G.  Gore' 

LL.D.,  F.R.S.    With  56  Illustrations.    Fcp.  8vo..  6j. 

jyO^^CZZ?.— ENGINEER'S  VALUING  ASSISTANT:  being  a  prac- 
tical Treatise  on  the  Valuation  of  Collieries  and  Other  Mines,  etc  By  H.  D.  Hoskold. 
With  an  Introductory  Note  by  the  late  Peter  Gray.    8vo.  ,  7s.  6d.  net. 

HUNTINGTON  AND  M' MIL  LAN.  -METALS:  their  Properties  and 

Treatment  Bv  A  K.  HUNTINGTON,  Professor  of  Metallurgy  in  King's  College, 
London  and  W.  G.  M'Millan,  late  Lecturer  on  Metallurgy  in  Mason's  College, 
Birmingham.    With  122  Illustrations.    Fcp.  8vo.,  7s.  6d. 
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MINERALOGY,  IVIININC,   IVIETALLURCY.  ^TC.-Coulinne^t. 

ZCAPrC>iV:  — Works  by  ARNOLD  LUPTON    M  I  C  F  FT^ 

MINING.    An  Elementary  Treadse  on  the  G;tth^g  o7Mi'ne!a?s  'w^'h 

A  PRACTICAL  TREATISE  ON  MINE  SURVEYING  With 
209  Illustrations.    8vo.,  i2j.  net.  ^j^^^vj.  vvun 

^^CT^^^Z^iV^.  — LABORATORY  NOTES  ON  PRArTTGAT 
i?Zr^^/?.-METALLURGY.     By  E.  L.  Rhead,  Lecturer  on  Metal- 

tZT^l  """""'P^'  '""'"''^^^  Manchester.    With  ,4  IllustraUons 

RHEAD  AND  SEXTON.— hS>^KYmQ  AND  METAT  T  TTRnr  a t 

ANALYSIS  for  the  use  of  Students,  Chemists  and  AfsayeVs     By  E  L  Rhea  n  T I  t 
Shn^SlLllegk'^-8';o;;xor^^^^^^^       "^^'^''^^^y^  Gl-gow  and  West  of  Scotland 

i?t^rZ^K-THE  STUDY  OF  ROCKS:  an  Elementary  Text-book  of 

8vtr:f6^.  ^'^'^  ^  88  other  Lnltration^  Fcp. 

ASTRONOMY,  NAVIGATION,  ETC. 

'^^^S.^J--'^^}^^^^^'^^   THEORY   OF   THE   TIDES:  the 

BALL.~yNoxY%  by  Sir  ROBERT  S.  BALL   Lf  I)    F  R  Q 

"'-'^P^^s'^Zli  ASTRONOMY.  ^"^S^^t,  D.,.a™... 

^.'f?""         ASTRONOMY.     With  4.   Diagran..  Fcp.. 
TEXT-BOOK  ON  NAVIGATION  AND  NAUTTOAI  AC 

^^^^^CZ^^Z.-OUTLINES  OF  ASTRONOMY.    By  Sir  Tohn  F  W 

HERSCHEL,  Bart..  K.H..  etc.    With  9  Plates  and  nun^erous  Diagral"'  8vo  .  xt. 

LAUGHTON.—m    INTRODUCTION   TO    THE  PRAGTIPAt 
^^"nfifi^^^T^  TREATISE  ON  NAVIGATION.     For  the  Use- 
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ASTRONOWIY,  NAVIGATION,  "£.10..— Continued. 

ELEMENTS  OF  ASTRONOMY.  With  Numerous  Ex- 
amples and  Examination  Papers.  By  George  W.  Parker,  M.A.,  of  Trinity  College. 
Dublin.    With  84  Diagrams.    8vo. ,      6d.  net. 

ff^^;^^.— CELESTIAL  OBJECTS  FOR  COMMON  TELESCOPES. 

By  the  Rev  T.  W.  Webb,  M.A.,  F.R.A.S.  Fifth  Edition,  Revised  and  greatly 
Enlarged  by  the  Rev.  T.  E.  EspiN,  M.A.,  F.R.A.S.  (Two  Volumes.)  Vol.  I.,  with 
Portrait  and  a  Reminiscence  of  the  Author,  2  Plate?,  and  numerous  Illustrations. 
Crown  8vo.,  ds.   Vol.  II.,  with  numerous  Illustrations.    Crown  8vo.,  6j.  dd. 


NATURAL  HISTORY  AND  GENERAL  SCIENCE. 

FURNEAUX.— Works  by  WILLIAM  FURNEAUX,  F.R.G.S. 

THE  OUTDOOR  WORLD;  or,  The  Young  Collector's  Handbook, 

With  t8  Plates,  i6  of  which  are  coloured,  and  549  Illustrations  in  the  Text.  Crown 
8vo. ,  6s.  net. 

LIFE   IN   PONDS   AND   STREAMS.     With  8  Coloured  Plates 

and  331  Illustrations  in  the  Text.    Crown  Bvo. ,  6^.  net. 

BUTTERFLIES  AND  MOTHS  (British).    With  12  Coloured  Plates 

and  241  Illustrations  in  the  Text.    Crown  8vo.,  6s.  net. 

THE  SEA  SHORE.    With  8  Coloured  Plates  and  300  Illustrations  in 

the  Text.    Crown  8vo. ,  6j-.  net. 

HUDSON.— WoxVs  by  W.  H.  HUDSON,  C.M.Z.S. 

BRITISH  BIRDS.    With  8  Coloured  Plates  from  Original  Drawings 

by  A.  Thorburn,  and  8  Plates  and  100  Figures  by  C.  E.  Lodge,  and  3  Illustrations 
from  Photographs.    Crown  8vo.,  6s.  net. 

BIRDS  AND  MAN.    Large  Crown  8vo.,  6^.  net. 

MILLAIS.— Works  by  JOHN  GUILLE  MILLAIS,  F.Z.S. 

THE   NATURAL  HISTORY  OF   THE   BRITISH  SURFACE- 

FEEDING  DUCKS.  With  6  Photogravures  and  66  Plates  (41  in  colours)  from 
Drawings  by  the  Author,  Archibald  Thorburn,  and  from  Photographs.  Royal 
4to.,  ;^6  6.f.  net. 

THE  MAMMALS  OF  GREAT  BRITAIN  AND  IRELAND.  3 

vols.    Quarto  (13  in.  by  12  in.),  cloth,  gilt  edges. 
Volume  I.  With  18  Photogravures  by  the  Author  ;  31  Coloured  Plates  by  the  Author, 
Archibald  Thorburn  and  G.  E.  Lodge  ;  and  63  Uncoloured  Plates  by  the  Author 
and  from  Photographs.    £6  6s.  net. 

Onfy  1,025  copies  printed  for  England  and  America. 

.NANSEN.—i:\\Y.  NORWEGIAN  NORTH  POLAR  EXPEDITION, 
1893-1896  :  Scientific  Results.    Edited  by  Fridtjof  Nansen. 
Volume  I.    With  44  Plates  and  numerous  Illustrations  in  the  Text.    Demy  410.,  40J.  net. 
Volume  II.    With  2  Charts  and  17  Plates.    Demy  4to.,  yx.  net. 
Volume  III.    With  33  Plates.    Demy  4to.,  325.  net. 
Volume  IV.    With  33  Plates.    Demy  410. ,  21J.  net. 

.STANLEY.— K  FAMILIAR  HISTORY  OF  BIRDS.    By  E.  Stanley, 

Stani.RY,  D.D.,  formerly  Bishop  of  Norwich.   With  160  Illustrations.   Cr.  8vo.,  y.  6d. 
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WORKS  BY  RICHARD  A.  PROCTOR. 

THE  MOON  :  Her  Motions,  Aspect,  Scenery,  and  Physical  Condition. 

With  many  Plates  and  Charts,  Wood  Engravings,  and  2  Lunar  Photographs  Crown 
8vo.,  3J.  bd. 

OTHER  WORLDS  THAN  OURS:  the  Plurality  of  Worlds  Studied 

Under  the  Light  of  Recent  Scientific  Researches.  With  14  Illustrations;  Map,  Charts 
etc.    Crown  8vo. ,  35.  dd.  ' 

OUR  PLACE  AMONG  INFINITIES:  a  Series  of  Essays  contrasting 

our  Little  Abode  in  Space  and  Time  with  the  Infinities  around  us.    Crown  8vo.,  3^.  td. 

MYTHS  AND  MARVELS  OF  ASTRONOMY.  Crown  8vo.,  6d. 
LIGHT  SCIENCE  FOR  LEISURE  HOURS:    Familiar   Essays  on 

Scientific  Subjects,  Natural  Phenomena,  etc.      Crown  8vo.,  y-  dd. 

THE  ORBS   AROUND    US;  Essays  on  the   Moon    and  Planets, 

Meteors  and  Comets,  the  Sun  and  Coloured  Pairs  of  Suns.    Crown  Bvo. ,  3J.  6d. 

THE  EXPANSE  OF   HEAVEN:    Essays  on  the  Wonders  of  the 

Firmament.    Crown  8vo. ,  y.  6d. 

OTHER  SUNS  THAN  OURS:  a  Series  of  Essays  on  Suns— Old, 

Young,  and  Dead.    With  other  Science  Gleanings.    Two  Essays  on  Whist,  and  Corre- 
spondence with  Sir  John  Herschel.    With  9  Star-Maps  and  Diagrams.    Crown  8vo 
3J.  6d.  "' 

HALF-HOURS  WITH  THE  TELESCOPE  :  a  Popular  Guide  to  the 

Use  of  the  Telescope  as  a  means  of  Amusement  and  Instruction.  With  7  Plates  Fcd 
8vo. ,  2s.  6d.  ' 

NEW  STAR  ATLAS  FOR  THE  LIBRARY,  the  School,  and  the 

Observatory,  in  Twelve  Circular  Maps  (with  Two  Index-Plates).  With  an  Introductio.n 
on  the  Study  of  the  Stars.    Illustrated  by  9  Diagrams.  Ciown8vo.,5i. 

THE  SOUTHERN  SKIES:  a  Plain  and  Easy  Guide  to  the  Con- 
stellations of  the  Southern  Hemisphere.  Showing  in  12  Maps  the  position  of  thie 
principal  Star-Groups  night  after  night  throughout  the  year.  With  an  Introductiom 
and  a  separate  Explanation  of  each  Map.    True  for  every  Year.    4to. ,  5^. 

HALF-HOURS  WITH  THE  STARS  :  a  Plain  and  Easy  Guide  to  th.e 

Knowledge  of  the  Constellations.  Showing  in  12  Maps  the  position  of  the  principail 
Star-Groups  night  after  night  throughout  the  year.  With  Introduction  and  a  separat'.e 
Explanation  of  each  Map.     True  for  every  Year.    4to.,  35.  net. 

LARGER  STAR  ATLAS  FOR  OBSERVERS  AND  STUDENTS,. 

In  Twelve  Circular  Maps,  showing  6coo  Stars,  1500  Double  Stars,  Nebulae,  etc  Witlh 
2  Index-Plates.    Folio,  igj, 

THE  STARS  IN  THEIR  SEASONS  :  an  Easy  Guide  to  a  Knowledge 

of  the  Star-Groups.    In  12  Large  Maps.    Imperial  8vo.,  55. 

ROUGH  WAYS  MADE  SMOOTH.     Familiar  Essays  on  Scientificc 

Subjects.     Crown  8vo.,  y.  6d. 

PLEASANT  WAYS  IN  SCIENCE.    Crown  8vo.,  3s.  bd. 

NATURE  STUDIES.    By  R.  A.  Proct  'OR,  Grant  Allen,  A.  Wilson,, 

T.  Foster,  and  E.  Ci.ODD.    Crown  8vo.,  3^.  (3d. 

LEISURE  READINGS.    By  R.  A.  Proctor,  E.  Clodd,  A.  Wilson. 
T.  Foster,  and  A.  C.  Ran  yard.    Crown  8vo.,  3^.  dd.  ' 
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PHYSIOGRAPHY  AND  GEOLOGY. 

^Zffi?.— Works  by  CHARLES  BIRD,  B.A. 

ELEMENTARY  GEOLOGY.    With  Geological  Map  of  the  British 

Isles,  and  247  Illustrations.    Crown  8vo.,  25.  bd. 

ADVANCED  GEOLOGY.     A  Manual  for  Students  in  Advanced 

Classes  and  for  General  Readers.  With  over  300  Illustrations,  a  Geological  Map  of 
the  British  Isles  (coloured),  and  a  set  of  Questions  for  Examination.  Crown  8vo., 
7J.  6rf. 


G!i?^^A^.— PHYSICAL  GEOLOGY  FOR  STUDENTS  AND  GENE- 
RAL READERS.    By  A.  H.  Green,  M.A.,  F.G.S.    With  236  Illustrations.  8vo., 


MORGAN.— ^ox\i%  by  ALEX.  MORGAN,  M.A.,  D.Sc,  F.R.S.E. 
ELEMENTARY  PHYSIOGRAPHY.    Treated  Experimentally.  With 

4  Maps  and  243  Diagrams.    Crown  8vo. ,  2j.  6d. 

ADVANCED  PHYSIOGRAPHY.     With  215  Illustrations.  Crown 

8vo. ,  45.  dd. 


REAjDE.—THF.  evolution  of  earth  STRUCTURE:  With 

a  Theory  of  Geomorphic  Changes.  By  T.  Mellard  Reade,  F.G.S.,  F.R.I.B.A., 
A.M.I.C.E.,  etc.    With  41  Plates.    8vo.,  21s.  net. 


ROGERS.— INTRODUCTION  TO  THE  GEOLOGY  OF  CAPE 
COLONY  By  A.  W.  Rogers,  M.A.,  F.G.S. ,  Director  of  the  Geological  Survey 
of  Cape  Colony.  With  a  Chapter  on  the  Fossil  Reptiles  of  the  Karroo  Formation  by 
R.  Broom,  M.  O.  ,  B.Sc,  C.M.Z.S.    Crown  8vo.,  gs.  net. 


THORNTON— Works  by  J.  THORNTON,  M.A. 
ELEMENTARY  PRACTICAL  PHYSIOGRAPHY. 
Part  I.    With  215  Illustrations.    Crown  8vo.,  2s.  6d. 
Part  II.    With  98  Illustrations.    Crown  Svo.,  2s.  6d. 

ELEMENTARY  PHYSIOGRAPHY:  an  Introduction  to  the  Study 

of  Nature.  With  13  Maps  and  295  Illustrations.  With  Appendix  on  Astronomical 
Instruments  and  Measurements.    Crown  8vo.,  2S.  6d. 


ADVANCED  PHYSIOGRAPHY.   With  1 1  Maps  and  255  Illustrations. 

Crown  8vo.,  4J.  6d. 
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MANUFACTURES,  TECHNOLOGY,  ETC. 

^^•ZrZ^K— BRITISH  INDUSTRIES:  A  Series  of  General  Reviews 

for  Business  Men  and  Students.  Edited  by  W.  J.  Ashley,  M.A.,  Professor  of  Com- 
merce in  the  University  of  Birmingham.    Crown  8vo. ,  5J-.  6d.  net. 

^^ZZ.— JACQUARD  WEAVING  AND  DESIGNING.     By  F.  T. 

Bell.    With  199  Diagrams.    8vo.,  125.  net. 

BRO  ^A/;— LABORATORY  STUDIES  FOR  BREWING  STUDENTS : 

a  Systematic  Course  of  Practical  Work  in  the  Scientific  Principles  underlying  the  Processes 
of  Malting  and  Brewing.  By  Adrian  J.  Brown,  M.Sc,  Director  of  the  School  of 
Brewing,  and  Professor  of  the  Biology  and  Chemistry  of  Fermentation  in  the  University 
of  Birmingham,  etc.    With  36  Illustrations.    Svo.,  -js.  bd.  net. 

CROSS  AND  BE  VAN.— Works  by  C.  F.  CROSS  and  E  J.  BEVAN. 
CELLULOSE  :  an  Outline  of  the  Chemistry  of  the  Structural  Elements 

of  Plants.  With  reference  to  their  Natural  History  and  Industrial  Uses  (C  F 
Cross,  E.  J.  Bevan  and  C.  Beadle.)    With  14  Plates.    Crown  8vo.,  i2j.  net. 

RESEARCHES  ON  CELLULOSE,  1895-1900.  Crown  8vo.,  6s.  net. 
JACKSON.— A  TEXT-BOOK   ON   CERAMIC  CALCULATIONS 

with  Examples.  By  W.  jACKSON,  A.R.C.S.,  Lecturer  in  Pottery  and  Porcelain  Manu- 
facture for  the  Staffordshire  Education  Committee  and  the  Hanley  Education  Committee 
Crown  8vo.,  3J.  6d.  net. 

MORRIS  AND   WILKINSON— ELEMENTS  OF  COTTON 
SPINNING.    By  John  Morris  and  F,  Wilkinson.    With  a  Preface  by  Sir  B  A 
DoBSON,  C.E.,  M.I.M.E.   With  169  Diagrams  and  Illustrations.    Cr  8vo.,  75.  6<f.  neti'. 

^/CZr^i?Z'^.— BRICKLAYING  AND  BRICK-CUTTING.    By  H.  W 

Richards  Examiner  in  Brickwork  and  Masonry  to  the  City  and  Guilds  of  Londom 
institute.  Head  of  Building  Trades  Department,  Northern  Polytechnic  Institute^ 
London,  N.    With  over  200  Illustrations.    Med.  8vo.,  y-  (>d.  ' 

TA  KZCi?.— COTTON  WEAVING  AND  DESIGNING.    By  John  T.. 

Taylor,  late  Lecturer  on  Cotton  Weaving  and  Designing  in  the  Preston  and  othetr 
lechnical  Schools.  Revised  under  the  direction  of  F.  Wilkinson,  Director  of  thee 
lexti  e  and  Engmeermg  School,  Bolton.   With  402  Diagrams.   Crown  8vo.,  7s.  6d  net 


WA  TTS.— AN  INTRODUCTORY  MANUAL  FOR  SUGAR  GROW- 
ERS.   By  Francis  Watts,  F.C.S.,  F.I.C.    With  20  Illustrations.    Crown  Svo.,  6s. 
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MEDICINE  AND  SURGERY. 

(And  see  PHYSIOLOGY,  etc.,  page  36.) 
ASHBY  AND    WJ^IGBT.  —  TH^    DISEASES   OF  CHILDREN, 

MEDICAL  AND  SURGICAL.  By  Henry  Ashby,  M.D.,  Lead.,  F.R.C.P., 
Physician  to  the  General  Hospital  for  Sick  Children,  Manchester ;  and  G.  A.  Wright, 
BA  MB  Oxon  F.R.C.S.,  Eng.,  Assistant-Surgeon  to  the  Manchester  Royal  In- 
firmary, and  Surgeon  to  the  Children's  Hospital.  Enlarged  and  Improved  Edition. 
With  192  Illustrations.    8vo. ,  25^. 


BAIN.— A  TEXT-BOOK  OF  MEDICAL  PRACTICE.  By  Various 
Contributors.  Edited  by  William  Bain,  M.D.,  M.R.C.P.  With  75  Illustrations. 
Royal  8vo. ,  25^.  net. 

BE JVNETT.  — Works  by  Sir  WILLIAM  BENNETT,  K.C.V.O., 
F.R.C.S.,  Surgeon  to  St.  George's  Hospital;  Member  of  the  Board 
of  Examiners,  Royal  College  of  Surgeons  of  England. 

RECURRENT  EFFUSION  INTO  THE  KNEE-JOINT  AFTER 

INJURY  WITH  ESPECIAL  REFERENCE  TO  INTERNAL  DERANGE- 
MENT COMMONLY  CALLED  SLIPPED  CARTILAGE:  an  Analys  s  of  750 
Cases,  'a  Clinical  Lecture  delivered  at  St.  George's  Hospital.  With  13  Illustrations. 
8vo. ,  2S.  6d. 

CLINICAL    LECTURES    ON    VARICOSE    VEINS    OF  THE 

LOWER  EXTREMITIES.    With  3  Plates.    8vo.,  6s. 

ON  VARICOCELE  ;  A  PRACTICAL  TREATISE.    With  4  Tables 

and  a  Diagram.    8vo.,  55. 

CLINICAL   LECTURES  ON   ABDOMINAL  HERNIA:  chiefly 

in  relation  to  Treatment,  including  the  Radical  Cure.  With  12  Diagrams  m  the 
Text.    8vo.,  85.  6d. 

ON  VARIX,  ITS  CAUSES  AND  TREATMENT,  WITH  ESPECIAL 

REFERENCE  TO  THROMBOSIS.    8vo.,  3s.  6d. 

THE    PRESENT    POSITION    OF    THE    TREATMENT  OF 

SIMPLE  FRACTURES  OF  THE  LIMBS.    8vo.,  2s.  6d. 

LECTURES  ON  THE  USE  OF  MASSAGE  AND  EARLY  PASSIVE 

MOVEMENTS  IN  RECENT  FRACTURES  AND  OTHER  COMMON 
SURGICAL  INJURIES:  The  Treatment  of  Internal  Derangements  of  the  Knee 
Joint  and  Management  of  Stiff  Joints.    With  17  Illustrations     8vo. ,  6s. 

CABOT.— A  GUIDE  TO  THE  CLINICAL  EXAMINATION  OF 
THE  BLOOD  FOR  DIAGNOSTIC  PURPOSES.  By  Richard  C.  Cabot,  M.D., 
Physician  to  Out-patients,  Massachusetts  General  Hospital.  With  3  Coloured  Plates 
and  28  Illustrations  in  the  Text.    8vo.,  i6s. 
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CARR,  PICK,  DO  RAN,  and  DUNCAN.~TYi-&  PRACTITIONER'S 
?o^?c'         J-  ^..^Y^^^  (Lond.),  F.R.C.P.  ;  T.  Pickering  Pick 

F.R.C.S.  ;  Alban  H.  G.  Doran,  F.R.C.S.  ;  Andrew  Duncan,  M.D.,  B.Sc.  (Lond  ) 
t.R.C.S.;  M.R.C.P.     8vo.,  2IJ.  net.  '" 

CHEYNE  AND  BURGHARD.—K  MANUAL  OF  SURGICAL 
TREATMENT.  By  W.  Watson  Cheyne,  C.B..  M.B.,  F.R.C.S.,  F.R  S  Professor 
of  Clinical  Surgery  in  King's  College,  London,  Surgeon  to  King's  College'  Hospital 
etc.  ;  and  F  F.  Burghard,  M.D.  and  M.S.  (Lond.),  F.R.C.S.,  Teacher  of  Practical 
Surgery  in  King  s  College,  London,  Surgeon  to  King's  College  Hospital  (Lond.),  etc. 

Part  I.    The  Treatment  of  General  Surgical  Diseases,  including  In- 

Inflammation,  Suppuration,  Ulceration,  Gangrene,  Wounds  and  their  Complications 
Infective  Diseases  and  Tumours  ;  the  Administration  of  Ansesthetics.  With  66  Illus' 
trations.    Royal  8vo. ,  \os.  6d. 

Part  II.    The  Treatment  of  the  Surgical  Affections  of  the  Tissues 

including  the  Skin  and  Subcutaneous  Tissues,  the  Nails,  the  Lymphatic  Vessels 
and  Glands,  the  Fasciae,  BursEe,  Muscles,  Tendons  and  Tendon-sheaths  Nerves 
Arteries  and  Veins.    Deformities.    With  141  Illustrations.    Royal  8vo.,  14?. 

Part  III.    The  Treatment  of  the  Surgical  Affections  of  the  Bones. 

Amputations.    With  100  Illustrations.    Royal  Bvo.,  12s. 

Part  IV.    The  Treatment  of  the  Surgical  Affections  of  the  Joints  (in 

eluding  Excisions)  and  the  Spine.     With  138  Illustrations.     Royal  8vo. ,  14J. 

Part  V.    The  Treatment  of  the  Surgical  Affections  of  the  Head,  Face, 

Jaws,  Lips,  Larnyx  and  Trachea ;  and  the  Intrinsic  Diseases  of  the  Nose  Ear  and 
Larynx,  by  H  Lambert  Lack.  M.D.  (Lond.),  F.R.C.S.,  Surgeon  to  the' Hospital 
for  Diseases  of  the  Throat,  Golden  Square,  and  to  the  Throat  and  Ear  Department 
The  Children  s  Hospital,  Paddington  Green.    With  145  Illustrations.    Rbyal  8vo.,' 

Part  VI.    Section  I.    The  Treatment  of  the  Surgical  Affections  of  the 

Tongue  and  Floor  of  the  Mouth,  the  Pharynx,  Neck,  (Esophagus,  Stomach  and 
Intestines.    With  124  Illustrations.    Royal  8vo.,  i8j. 

Section  11.    The  Treatment  of  the  Surgical  Affections  of  the 

Rectum,  Liver.  Spleen,  Pancreas,  Throat,  Breast  and  Genito-urinary  Organs  With 
113  Illustrations.    Royal  8vo.,  21s. 

COATS.— A   MANUAL   OF   PATHOLOGY.    By  Joseph  Coats 

M.D.,  late  Professor  of  Pathology  in  the  University  of  Glasgow.  Fifth  Edition' 
Revised  throughout  and  Edited  by  Lewis  R.  Sutherland  M  D  Professor  of 
Pathology,  Umversity  of  St.  Andrews.  With  729  Illustrations  and  2  Coloured 
Plates.    8vo. ,  28j-.  net. 

DAKIN.—k  HANDBOOK  OF  MIDWIFERY.  By  William  Radford 

Dakin,  M.D.,  F.R.C.P.,  Obstetric  Physician  and  Lecturer  on  Midwifery  at  St  George's 
Hospital,  etc.     With  394  Illustrations.     Large  crown  8vo.,  i8j. 
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COOKE.— by  THOMAS  COOKE,  F.R.CS.  Eng.,  B.A.,  B.Sc, 
M.D.,  Paris. 

TABLETS  OF  ANATOMY.    Being  a  Synopsis  of  Demonstrations 

given  in  the  Westminster  Hospital  Medical  School.  Eleventh  Edition  in  Three 
Parts,  thoroughly  brought  up  to  date,  and  with  over  700  Illustrations  from  all  the 
best  Sources,  British  and  Foreign.    Post  410. 

Part  I.    The  Bones.    75.  6d.  net. 
Part  II.    Limbs,  Abdomen,  Pelvis,    icy.  6d.  net. 
Part  III.    Head  and  Neck,  Thorax,  Brain.    io.r.  6d.  net. 
APHORISMS    IN   APPLIED    ANATOMY   AND  OPERATIVE 

SURGERY.  Including  100  Typical  viva,  voce  Questions  on  Surface  Marking,  etc. 
Crown  8vo.,  y.  bd. 

DICKINSON.— ^ox\.%  by  W.  HOWSHIP  DICKINSON,  M.D.  Cantab., 
F.R.C.P. 

ON  RENAL  AND  URINARY  AFFECTIONS.    With  12  Plates 

and  122  Woodcuts.    Three  Parts.    Svo.,  £z  45.  6rf. 

THE   TONGUE  AS   AN   INDICATION   OF  DISEASE:  being 

the  Lumleian  Lectures  delivered  March,  1888.    8vo.,  ^s.  bd. 

OCCASIONAL  PAPERS  ON  MEDICAL  SUBJECTS,  1855-1896. 

8vo.,  12^. 

DOCKRELL.  —         ATLAS  OF  DERMATOLOGY:    showing  the 

appearances,  clinical  and  microscopical,  normal  and  abi;iormal,  of  condmons  of  the 
skin.    60  Coloured  Plates  and  descriptive  letterpress.    By  Morgan  DockrelL,  M.A 
M.D.  (Dub.  Univ.),  Senior  Physician  and  Chesterfield  Lecturer  on  Dermatology  to  St. 
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HARE.— A    COMMON    HUMORAL    FACTOR    OF  DISEASE. 
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IlILLIER.—Tm  PREVENTION  OF  CONSUMPTION.   By  Alfred 

HiLLiER,  B.A. ,  M.D. ,  Secretary  to  the  National  Association  for  the  Prevention  of  Con- 
sumption (England),  Visiting  Physician  to  the  London  Open-Air  Sanatorium.  Revised 
by  Professor  R.  Koch.    With  14  Illustrations.    Crown  8vo.,  ss.  net. 
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to  St.  John's  and  St.  Elizabeth's  Hospital ;  and  W.  Cecil  Bosanquet,  M.A.,  M.D., 
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Scientific  Works  published  by  Longmans,  Green,  ^  Co.  35 


MEDICINE  AND  SURGERY— <?(?M/mMerf. 

r-^^/'^/iV^^.— INTRODUCTION   TO  CHEMICAL  METHODS 

OF  CLINICAL  DIAGNOSIS.  By  Dr.  H.  Tappeiner,  Professor  of  Pharmacology 
and  Principal  of  the  Pharmacological  Institute  of  the  University  of  Munich.  Translated 
by  Edmond  J.  McWeeney,  M.A.,  M.D.  (Royal  Univ.  of  Ireland),  L.R.C.P.I.,  etc. 
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WILSON.— A  MANUAL  OF  HEALTH-SCIENCE.     By  Andrew 
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